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NUCLEIC ACII) SEQUENCES TO PROTEINS INVOLVED IN TOCOPHEROL 

SYNTHESIS 

INTRODUCTION 

This application claims the benefit of the filing date of US. Application Serial Number 
09/549,848, filed April 14, 2000. 

TECHNICAL FIELD 
The present invention is directed to nucleic acid and amino acid sequences and 
constructs, and methods related thereto. 



15 - : BACKGROUND 

Isoprenoids are ubiquitous compounds found in all living organisms. Plants synthesize a 
diverse array of greater than 22,000 isoprenoids (Connolly and Hill (1992) Dictionary of 
Terpenoids, Chapman and Hall, New York, NY). In plants, isoprenoids play essential roles in 
particular cell functions such as production of sterols, contributing to eukaryotic membrane 

20 architecture, acyclic polyprenoids found in the side chain of ubiquinone and plastoquinone, 

growth regulators like abscisic acid, gibberellins, brassinosteroids or the photosynthetic pigments 
chlorophylls and carotenoids. Although the physiological role .of other plant isoprenoids is less 
evident, like that of the vast array of secondary metabolites, some are known to play key roles 
mediating the adaptative responses to different environmental challenges. In spite of the 

25 remarkable diversity of structure and function, all isoprenoids originate from a single metabolic 
precursor, isopentenyl diphosphate (IPP) (Wright, (1961) Annu. Rev. Biochem. 20:525-548; and 
Spurgeon and Porter, ( 1 98 1 ) in Biosynthesis of Isoprenoid Compounds .. Porter and Spurgeon eds 
(John Wiley, New York) Vol. 1 , ppl-46). 

A number of unique and interconnected biochemical pathways derived from the 

30 isoprenoid pathway leading to secondary metabolites, including tocopherols, exist in chloroplasts 
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of higher plants. Tocopherols not only perform vital functions in plants, but are also important 
from maimralian nutritional perspectives. In plaslids, tocopherols account for up to 40% of the 
total quinonc pool. 

Tocopherols and locotricnols (unsaturated tocopherol derivatives) arc well known 
5 antioxidants, and play an important role in protecting cells from free radical damage, and in the 
prevention of many diseases, including cardiac disease, cancer, cataracts, retinopathy, 
Alzheimer's disease, and neurodegeneration, and have been shown to have beneficial effects on ... 
symptoms of arthritis, and in anti-aging. Vitamin E is used in chicken feed for improving the 
shelf life, appearance, flavor, and oxidative stability of meat, and to transfer tocols from feed to 

10 eggs. Vitamin E has been shown to be essential for normal reproduction, improves overall 

performance, and enhances immunocompetence in livestock animals. Vitamin E supplement in 
animal feed also imparts oxidative stability to milk products. 

The demand for natural tocopherols as supplements has been steadily growing at a rate of 
1 0-20% for the past three years. At present, the demand exceeds the supply for natural 

15 - tocopherols, which are known to be more biopotent than racemic mixtures of synthetically 

produced tocopherols. Naturally occurring tocopherols are all J-stereomers, whereas synthetic a- 
tocopherol is a mixture of eight rf,/-ct-tocopherol isomers, only one of which (12.5%) is identical 
to the natural rf-oc-tocopherol. Natural rf-a-tocopherol has the highest vitamin E activity (1.49 
IU/mg) when compared to other natural tocopherols or tocotrienols. The synthetic a-tocopherol 

20 has a vitamin E activity of 1 .1 IU/mg. In 1 995, the worldwide market for raw refined 

tocopherols was $1020 million; synthetic materials comprised 85-88% of the market, the 
remaining 12-1 5% being natural materials. The best sources of natural tocopherols and 
tocotrienols are vegetable oils and grain products. Currently, most of the natural Vitamin E is 
produced from y-tocopherol derived from soy oil processing, which is subsequently converted to 

25 a-tocopherol by chemical modification (a-tocopherol exhibits the greatest biological activity), a 
Methods of enhancing the levels of tocopherols and tocotrienols in plants, especially levels 
of the more desirable compounds that can be used directly, without chemical modification, would be 
useful to the art as such molecules exhibit better functionality and biovailability. 
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In addition, methods for the increased production or other isoprenoid derived compounds in 
a host plant cell is desirable. Furthermore, methods for the production or particular isoprenoid 
compounds in a host plant cell is also needed. 

5 

SUMMARY OF THE INVENTION 

The present invention is directed to sequences to proteins involved in tocopherol 
synthesis. The polynucleotides and polypeptides of the present invention include those derived 
10 from prokaryotic and eukaryotic sources. 

Thus, one aspect of the present invention relates to prenyltransferase, and in particular to 
isolated polynucleotide sequences encoding prenyltransferase proteins and polypeptides related 
thereto. In particular, isolated nucleic acid sequences encoding prenyltransferase proteins from 
bacterial and plant sources are provided. 
15 - In another aspect, the present invention provides isolated polynucleotide sequences 

encoding tocopherol cyclase, and polypeptides related thereto. In particular, isolated nucleic acid 
sequences encoding tocopherol cyclase proteins from bacterial and plant sources are provided. 

Another aspect of the present invention relates to oligonucleotides which include partial 
or complete prenyltransferase or tocopherol cyclase encoding sequences. 
.20 It is also an aspect of the present invention to provide recombinant DNA constructs which 

can be used for transcription or transcription and translation (expression) of prenyltransferase or 
tocopherol cyclase. In particular, constructs are provided which are capable of transcription or 
transcription and translation in host cells. 

In another aspect of the present invention, methods are provided for production of 
25 prenyltransferase or tocopherol cyclase in a host cell or progeny thereof. In particular, host cells 
are transformed or transfected with a DNA construct which can be used for transcription or 
transcription and translation of prenyltransferase or tocopherol cyclase. The recombinant cells 
which contain prenyltransferase or tocopherol cyclase are also part of the present invention. 

In a further aspect, the present invention relates to methods of using polynucleotide and 
30 polypeptide sequences to modify the tocopherol content of host cells, particularly in host plant 
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cells. Plant cells having such a modified tocopherol content arc also contemplated herein. 
Methods and cells in which both prenyl transferase and tocopherol cyclase are expressed in a host 
cell arc also part of the present invention. 

The modified plants, seeds and oils obtained by the expression oRbe prenyltransferase or 
tocopherol cyclase are also considered part of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 provides an amino acid sequence alignment between ATPT2, ATPT3, ATPT4, 
ATPT8, and ATPT12 are performed using ClustalW. 

Figure 2 provides a schematic picture of the expression construct pCGNl 0800. 
Figure 3 provides a schematic picture of the expression construct pCGNl 0801. 
„ Figure 4 provides a schematic picture of the expression construct pCGN 10803. 
Figure 5 provides a schematic picture of the construct pCGN 10806. 
Figure 6 provides a schematic picture of the construct pCGN 10807. 
Figure 7 provides a schematic picture of the construct pCGN 1 0808. 
Figure 8 provides a schematic picture of the expression construct pCGN10809. 
Figure 9 provides a schematic picture of the expression construct pCGN10810. 
Figure 10 provides a schematic picture of the expression construct pCGNlOSU. 
Figure 1 1 provides a schematic picture of the expression construct pCGN10812. 
Figure 12 provides a schematic picture of the expression construct pCGN10813. 
Figure 13 provides a schematic picture of the expression construct pCGN10814. 
Figure 14 provides a schematic picture of the expression construct pCGN10815. 
Figure 1 5 provides a schematic picture of the expression construct pCGN 1 08 1 6, 
Figure 16 provides a schematic picture of the expression construct pCGN108!7. 
Figure 1 7 provides a schematic picture of the expression construct pCGN 1 08 1 9. 
Figure 1 8 provides a schematic picture of the expression construct pCGN 1 0824. 
Figure 1$ provides a schematic picture of the expression construct pCGN10825. 
Figure 20 provides a schematic picture of the expression construct pCGN 10826. 
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Figure 21 provides an amino acid sequence alignment using ClustalW between the 
Synechocystis prenyltransferase sequences. 

Figure 22 provides an amino acid sequence of the ATPT2, ATPT3. ATPT4. ATPT8, and 
ATPT12 protein sequences from Arabidopsis and the sir 1736, slr0926, sll 1899, slr0056, and the 
5 slrl 5 1 8 amino acid sequences from Synechocystis. 

Figure 23 provides the results of the enzymatic assay from preparations of wild type 
Synechocystis strain 6803, and Synechocystis slrl 736 knockout. 

Figure 24 provides bar graphs of HPLC data obtained from seed extracts of transgenic 
Arabidopsis containing pCGN10822, which provides of the expression of the ATPT2 sequence, 
10 in the sense orientation, from the napin promoter. Provided are graphs for alpha, gamma, and 
delta tocopherols, as well as total tocopherol for 22 transformed lines, as well as a 
nontransformed (wildtype) control. 

Figure 25 provides a bar graph of HPLC analysis of seed extracts from Arabidopsis plants 
transformed with pCGN 10803 (35S-ATPT2, in the antisense orientation), pCGN 10822 (line 
15 • 1.625, napin ATPT2 in the sense orientation), pCGN10809 (line 1627, 35S-ATPT3 in the sense 
orientation), a nontransformed (wt) control, and an empty vector transformed control. 

Figure 26 shows total tocopherol levels measured in T# Arabidopsis seed of line. 

Figure 27 shows total tocopherol levels measured in T# Arabidopsis seed of line. 

Figure 28 shows total tocopherol levels measured in developing canola seed of line 
20 10822-1. 

Figure 29: shows results of phytyl prenyltransferase activity assay using Synechocystis 
wild type and slrl 73 7 knockout mutant membrane preparations. 

Figure 30 is the chromatograph from an HPLC analysis of Synechocystis extracts. 

Figure 3 1 is a sequence alignment of the Arabidopsis homologue with the sequence of the 
25 public database. 

Figure 32 shows the results of hydropathic analysis of slrl 737 

Figure 33 shows the results of hydropathic analysis of the Arabidopsis homologue of 
slrl 737. 

Figure 34 shows the catalytic mechanism of various cyclase enzymes 
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Figure 35 is a sequence alignment of slrl737, slrl 737 Arabidopsis homologue and (he 
Arabidopsis chalcone isomcrase. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

The present invention provides, inter alia, compositions and methods for altering (for 
example, increasing and decreasing) the tocopherol levels and/or modulating their ratios in host 
cells. In particular, the present invention provides polynucleotides, polypeptides, and methods of 
use thereof for the modulation of tocopherol content in host plant cells. 

10 The biosynthesis of a-tocopherol in higher plants involves condensation of homogentisic 

acid and phytylpyrophosphate to form 2-methyl-6 phytylbenzoquinol that can, by cyclization and 
subsequent methylations (Fiedler et aL, 1982, Planta, 155: 511-515, Soil et ah, \9%0 9 Arck 
Biochem. Biophys. 204: 544-550, Marshall et al. t 1985 Phytochenu 24: 1705-171 1, all of which 
are herein incorporated by reference in their entirety), form various tocopherols. 

15 * : - The Arabidopsis pds2 mutant identified and characterized by Norris et aL (1995), is 
deficient in tocopherol and plastiquinone-9 accumulation. Further genetic and biochemical 
analysis suggested that the protein encoded by PDS2 may be responsible for the prenylation of 
homogentisic acid. The PDS2 locus identified by Norris et aL (1995) has been hypothesized to 
possibly encode the tocopherol phytyl-prenyltransferase, as the pds2 mutant fails to accumulate 

20 tocopherols. 

Norris et aL (1 995) determined that in Arabidopsis pds2 lies at the top of chromosome 3, 
approximately 7 centimorgans above long hypocoty!2, based on the genetic map. ATPT2 is 
located on chromosome 2 between 36 and 41 centimorgans, lying on BAC F19F24, indicating 
that ATPT2 does not correspond to PDS2. Thus, it is an aspect of the present invention to 
25 provide novel polynucleotides and polypeptides involved in the prenylation of homogentisic acid. 
This reaction may be a rate limiting step in tocopherol biosynthesis, and this gene has yet to be 
isolated. 

U.S. Patent No. 5,432,069 describes the partial purification and characterization of 
tocopherol cyclase from Chlorella protothecoides, D una! i all a salina and wheat. The cyclase 
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described as being glycine rich, water soluble and with a predicted MW of 48-50kDa. I lowevcr, 
only limited peptide Fragment sequences were available. 

In one aspect, the present invention provides polynucleotide and polypeptide sequences 
involved in the prcnylation of straight chain and aromatic compounds. Straight chain 
5 prenyltransferases as used herein comprises sequences which encode proteins involved in the 
prenylaiion of straight chain compounds, including, but not limited to, geranyl geranyl 
pyrophosphate and famesyl pyrophosphate. Aromatic prenyltransferases, as used herein, 
comprises sequences which encode proteins involved in the preaylation of aromatic compounds, 
including, but not limited to, menaquinone, ubiquinone, chlorophyll, and homogentisic acid. The 
1 0 prenyl transferase of the present invention preferably prenylates homogentisic acid. 

In another aspect, the invention provides polynucleotide and polypeptide sequences to 
tocopherol cyclization enzymes. The 23-dimethvl-5-phvtvlplastoquinol cyclase (tocopherol 
cyclase) is responsible for the cyclization of 2,3Hdimethyl-5-phytylplastoquinol to tocopherol. 

15 - Isolated Polynucleotides, Proteins, and Polypeptides 

A first aspect of the present invention relates to isolated prenyllransferase 
polynucleotides. Another aspect of the present invention relates to isolated tocopherol cyclase 
polynucleotides. The polynucleotide sequences of the present invention include isolated 

2 0 polynucleotides that encode the polypeptides of the invention having a deduced amino acid 
sequence selected from the group of sequences set forth in the Sequence Listing and to other 
polynucleotide sequences closely related to such sequences and variants thereof. 

The invention provides a polynucleotide sequence identical over its entire length to each 
coding sequence as set forth in the Sequence Listing. The invention also provides the coding 

25 sequence for the mature polypeptide or a fragment thereof, as well as the coding sequence for the 

mature polypeptide or a fragment thereof in a reading frame with other coding sequences, such as - 
those encoding a leader or secretory sequence, a pre-, pro-, or prepro- protein sequence. The 
polynucleotide can also include non-coding sequences, including for example, but not limited to, 
non-coding 5' and 3' sequences, such as the transcribed, untranslated sequences, termination 

30 signals, ribosome binding sites, sequences that stabilize mRNA, introns, polyadenylation signals, 
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and additional coding sequence that encodes additional amino acids, For example, a marker 
sequence can be included to facilitate the purification of the fused polypeptide. Polynucleotides 
of the present invention also include polynucleotides comprising a staictural gene and the 
naturally associated sequences that control gene expression. 
5 The invention also includes polynucleotides of the formula: 

X.(Ri)„-(R 2 HR3VY 

wherein, at the 5 1 end, X is hydrogen, and at the 3' end, Y is hydrogen or a metal, R| and R3 are 
any nucleic acid residue, n is an integer between 1 and 3000, preferably between 1 and 1000 and 
R2 is a nucleic acid sequence of the invention, particularly a nucleic acid sequence selected from 

10 the group set forth in the Sequence Listing and preferably those of SEQ ID NOs: 1, 3, 5, 7, 8, 10, 
1 1 , 1 3-1 6, 1 8, 23, 29, 36, and 38. In the formula, R 2 is oriented so that its 5* end residue is at the 
left, bound to Rj, and its 3' end residue is at the right, bound to R3. Any stretch of nucleic acid 
residues denoted by either R group, where R is greater than 1 , may be either a hcteropolymer or a 
homopolymer, preferably a heteropolymer. 

1 5 * -. . The invention also relates to variants of the polynucleotides described herein that encode 
for variants of the polypeptides of the invention. Variants that are fragments of the 
polynucleotides of the invention can be used to synthesize full-length polynucleotides of the 
invention. Preferred embodiments are polynucleotides encoding polypeptide variants wherein 5 
to 10, 1 to 5, 1 to 3, 2, 1 or no amino acid residues of a polypeptide sequence of the invention are 

20 substituted, added or deleted, in any combination. Particularly preferred are substitutions, 

additions, and deletions that are silent such that they do not alter the properties or activities of the 
polynucleotide or polypeptide. 

Further preferred embodiments of the invention that are at least 50%, 60%, or 70% 
identical over their entire length to a polynucleotide encoding a polypeptide of the invention, and 

25 polynucleotides that are complementary to such polynucleotides. More preferable are 

polynucleotides that comprise a region that is at least 80% identical over its entire length to a 
polynucleotide encoding a polypeptide of the invention and polynucleotides that arc 
complementary thereto. In this regard, polynucleotides at least 90% identical over their entire 
length are particularly preferred, those at least 95% identical are especially preferred. Further, 
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those wilh al least 97% identity are highly preferred and those with at least 98% and 99% identity 
are particularly highly 'preferred, with those at least 99% being the most highly preferred. 

Preferred embodiments are polynucleotides that encode polypeptides that retain 
substantially the same biological function or activity as the mature polypeptides encoded by the 
polynucleotides set forth in the Sequence Listing. 

The invention further relates to polynucleotides that hybridize to the above-described 
sequences. In particular, the invention relates to polynucleotides that hybridize under stringent 
conditions to the above-described polynucleotides. As used herein, the terms "stringent 
conditions" and "stringent hybridization conditions" mean that hybridization will generally occur 
if there is al least 95% and preferably at least 97% identity between the sequences. An example 
of stringent hybridization conditions is overnight incubation at 42°C in a solution comprising 
50% formamide, 5x SSC (150 mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate 
(pH 7..6), 5x Denhardt's solution, 1 0% dextran sulfate, and 20 micrograms/milliliter denatured, 
sheared salmon sperm DNA, followed by washing the hybridization support in O.lx SSC at 
approximately 65°C. Other hybridization and wash conditions are well known and are 
exemplified in Sambrook, et al., Molecular Cloning: A Laboratory Manual, Second Edition, cold 
Spring Harbor, NY (1 989), particularly Chapter 11. 

The invention also provides a polynucleotide consisting essentially of a polynucleotide 
sequence obtainable by screening an appropriate library containing the complete gene for a 
polynucleotide sequence set for in the Sequence Listing under stringent hybridization conditions 
with a probe having the sequence of said polynucleotide sequence or a fragment thereof; and 
isolating said polynucleotide sequence. Fragments useful for obtaining such a polynucleotide 
include, for example, probes and primers as described herein. 

As discussed herein regarding polynucleotide assays of the invention, for example, 
polynucleotides of the invention can be used as a hybridization probe for RNA, cDNA, or 
genomic DNA to isolate full length cDN As or genomic clones encoding a polypeptide and to 
isolate cDNA or genomic clones of other genes that have a high sequence similarity to a 
polynucleotide set forth in the Sequence Listing. Such probes will generally comprise at least 15 
bases. Preferably such probes will have at least 30 bases and can have at least 50 bases. 
Particularly preferred probes will have between 30 bases and 50 bases, inclusive. 
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The coding region of each gene that comprises or is comprised by a polynucleotide 
sequence set forth in the Sequence Listing may be isolated by screening using a DNA sequence 
provided in the Sequence Listing to synthesize an oligonucleotide probe. A labeled 
oligonucleotide having a sequence complementary to that of a gene of the invention is then used 
5 to screen a library of cDNA, genomic DNA or mRNA to identify members of the library which 
hybridize to the probe. For example, synthetic oligonucleotides are prepared which correspond 
to the prenyltransferase or tocopherol cyclase EST sequences. The oligonucleotides are used as 
primers in polymerase chain reaction (PCR) techniques to obtain 5' and 3' terminal sequence of 
prenyltransferase or tocopherol cyclase genes. Alternatively, where oligonucleotides of low 

10 degeneracy can be prepared from particular prenyltransferase or tocopherol cyclase peptides, 
such probes may be used directly to screen gene libraries for prenyltransferase or tocopherol 
cyclase gene sequences. In particular, screening of cDNA libraries in phage vectors is useful in 
such piethods due to lower levels of background hybridization. 

Typically, a prenyltransferase or tocopherol cyclase sequence obtainable from the use of 

1 5 - nucleic acid probes will show 60-70% sequence identity between the target prenyltransferase or 
tocopherol cyclase sequence and the encoding sequence used as a probe. However, lengthy 
sequences with as little as 50-60% sequence identity may also be obtained. The nucleic acid 
probes may be a lengthy fragment of the nucleic acid sequence, or may also be a shorter, 
oligonucleotide probe. When longer nucleic acid fragments are employed as probes (greater than 
K 20 about 100 bp), one may screen at lower stringencies in order to obtain sequences from the target 
sample which have 20-50% deviation (i.e., 50-80% sequence homology) from the sequences 
used as probe. Oligonucleotide probes can be considerably shorter than the entire nucleic acid 
sequence encoding an prenyltransferase or tocopherol cyclase^enzyme, but should be at least 
about 1 0, preferably at least about 1 5, and more preferably at least about 20 nucleotides. A 

25 higher degree of sequence identity is desired when shorter regions are used as opposed to longer 
regions. Jt may thus be desirable to identify regions of highly conserved amino acid sequence to 
design oligonucleotide probes for detecting and recovering other related prenyltransferase or 
tocopherol cyclase genes. Shorter probes are often particularly useful for polymerase chain 
reactions (PCR), especially when highly conserved sequences can be identified. (See, Gould, et 

30 a/., PNASUSA ( 1989) S<5: 1934-1 938.). 
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Another aspect orthe present invention relates to prenyl transferase or tocopherol cyclase 
polypeptides. Such polypeptides include isolated polypeptides set forth in the Sequence Listing, 
as well as polypeptides and fragments thereof, particularly those polypeptides which exhibit 
prcnyltransfcrasc or tocopherol cyclase activity and also those polypeptides which have at least 
5 50%, 60% or 70% identity, preferably at least 80% identity, more preferably at least 90% 

identity, and most preferably at least 95% identity to a polypeptide sequence selected from the 
group of sequences set forth in the Sequence Listing, and also include portions of such 
polypeptides, wherein such portion of the polypeptide preferably includes at least 30 amino acids 
and more preferably includes at least 50 amino acids. 

10 "Identity", as is well understood in the art, is a relationship between two or more 

polypeptide sequences or two or more polynucleotide sequences, as determined by comparing the 
sequences. In the art, "identity 11 also means the degree of sequence relatedness between 
polypeptide or polynucleotide sequences, as determined by the match between strings of such 
sequences. "Identity" can be readily calculated by known methods including, but not limited to, 

1 5 - those described in Computational Molecular Biology, Lesk, A.M., ed., Oxford University Press, 
New York (1988); Biocomputing: Informatics and Genome Projects, Smith, D.W., ed., 
Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part J, Griffin, A.M. 
and Griffin, H.G., eds., Humana Press, New Jersey (1994); Sequence Analysis in Molecular 
Biology, von Heinje, G., Academic Press (1987); Sequence Analysis Primer, Gribskov, M. and 

2 0 Devereux, J., eds., Stockton Press, New York (1991); and Carillo, H., and Lipman, D., SIAM J 
Applied Math, 48:1073 (1988). Methods to determine identity are designed to give the largest 
match between the sequences tested. Moreover, methods to determine identity are codified in 
publicly available programs. Computer programs which can be used to determine identity 
between two sequences include, but are not limited to, GCG (Devereux, J., et al., Nucleic Acids 

25 Research 12(1):387 (1984); suite of five BLAST programs, three designed for nucleotide 

sequences queries (BLASTN, BLASTX, and TBLASTX) and two designed for protein sequence 
queries (BLASTP and TBLASTN) (Coulson, Trends in Biotechnology, 12: 76-80 (1994); Birren, 
et aL Genome Analysis, I: 543-559 (1997)). The BLAST X program is publicly available from 
NCBI and other sources (BLAST Manual, Altschul, S., et al, NCBI NLM NIH, Bethesda, MD 
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20894; Allschul, S., tt aL J. MoL BioU 2 1 5:403-4 1 0 ( 1990))." The well known Smith Waterman 

algorithm can also be used lo determine identity. 

Parameters for polypeptide sequence comparison typically include the following: 

Algorithm: Needleman and Wunsch, ./. MoL BioL 48:443-453 ( 1 970) 

Comparison matrix: BLOSSUM62 from HentikoITand HentikofF, Proc. Natl. Acad Sei 

USA 89:10915-10919(1992) 
Gap Penalty: 12 
Gap Length Penally: 4 

A program which can be used with these parameters is publicly available as the "gap" 
program from Genetics Computer Group, Madison Wisconsin. The above parameters along with 
no penalty for end gap are the default parameters for peptide comparisons. 

Parameters for polynucleotide sequence comparison include the following: 

Algorithm: Needleman and Wunsch, J. Mol. Biol. 48:443-453 (1970) 

Comparison matrix: matches = +1 0; mismatches = 0 

Gap Penalty: 50 

Gap Length Penalty: 3 

A program which can be used with these parameters is publicly available as the u gap" 
program from Genetics Computer Group, Madison Wisconsin. The above parameters are the 
default parameters for nucleic acid comparisons. 

The invention also includes polypeptides of the formula: 
XKRi)„-(R 2 HR3)n-Y 

wherein, at the amino terminus, X is hydrogen, and at the carboxyl terminus, Y is hydrogen or a 
metal, R| and R 3 are any amino acid residue, n is an integer between 1 and 1000, and R^ is an 
amino acid sequence of the invention, particularly an amino acid sequence selected from the 
group set forth in the Sequence Listing and preferably those encoded by the sequences provided 
in SEQ ID NOs: 2, 4, 6, 9, 12, 17, 19-22, 24-28, 30, 32-35, 37, and 39. In the formula, R 2 is 
oriented so that its amino terminal residue is at the left, bound to R|, and its carboxy terminal 
residue is at the right, bound to R 3 . Any stretch of amino acid residues denoted by either R 
group, where R is greater than 1, may be either a heteropolymer or a homopolymer, preferably a 
heteropolymer. 
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Polypeptides or the present invention include isolated polypeptides encoded by a 
polynucleotide comprising a sequence selected from the group ofa sequence contained in the 
Sequence Listing set forth herein . 

The polypeptides of the present invention can be mature protein or can be part ofa fusion 
5 protein. 

Fragments and variants of the polypeptides are also considered to be a part of the 
invention. A fragment is a variant polypeptide which has an amino acid sequence thai is entirely 
the same as part but not all of the amino acid sequence of the previously described polypeptides. 
The fragments can be "free-standing" or comprised within a larger polypeptide of which the 

10 fragment forms a part or a region, most preferably as a single continuous region. Preferred 

fragments are biologically active fragments which are those fragments that mediate activities of 
the polypeptides of the invention, including those with similar activity or improved activity or 
with a decreased activity. Also included are those fragments that antigenic or immunogenic in an 
animal, particularly a human. 

15 • Variants of the polypeptide also include polypeptides that vary from the sequences set 

forth in the Sequence Listing by conservative amino acid substitutions, substitution ofa residue 
by another with like characteristics. In general, such substitutions are among Ala, Val, Leu and 
He; between Ser and Thr; between Asp and Glu; between Asn and Gin; between Lys and Arg; or 
between Phe and Tyr. Particularly preferred are variants in which 5 to 10; 1 to 5; I to 3 or one 

20 amino acid(s) are substituted, deleted, or added, in any combination* 

Variants that are fragments of the polypeptides of the invention can be used to produce 
the corresponding full length polypeptide by peptide synthesis. Therefore, these variants can be 
used as intermediates for producing the full-length polypeptides of the invention. 

The polynucleotides and polypeptides of the invention can be used, for example, in the 

2 5 transformation of host cells, such as plant host cells, as further discussed herein. 

The invention also provides polynucleotides that encode a polypeptide that is a mature 
protein plus additional amino or carboxyl-terminal amino acids, or amino acids within the mature 
polypeptide (for example, when the mature form of the protein has more than one polypeptide 
chain). Such sequences can, for example, play a role in the processing of a protein from a 

30 precursor to a mature form, allow protein transport, shorten or lengthen protein half-life, or 
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facilitate manipulation ofthe protein in assays or production. It is contemplated that cellular 
enzymes can be used to remove any additional amino acids from the mature protein. 

A precursor protein, having the mature form of the polypeptide fused to one or more 
prosequences may be an inactive form of the polypeptide. The inactive precursors generally arc 
activated when the prosequences are removed. Some or all of the prosequences may be removed 
prior to activation. Such precursor protein are generally called proproteins. 

Plant Constructs and Methods of Use 

Of particular interest is the use of the nucleotide sequences in recombinant DNA 
constructs to direct the transcription or transcription and translation (expression) of the 
prenyltransferase or tocopherol cyclase sequences of the present invention in a host plant cell. 
The expression constructs generally comprise a promoter functional in a host plant cell operably 
linked to a nucleic acid sequence encoding a prenyltransferase or tocopherol cyclase of the 
present invention and a transcriptional termination region functional in a host plant cell. 

A first nucleic acid sequence is "operably linked" or "operably associated" with a second 
nucleic acid sequence when the sequences are so arranged that the first nucleic acid sequence 
affects the function of the second nucleic-acid sequence. Preferably, the two sequences are part 
of a single contiguous nucleic acid molecule and more preferably are adjacent For example, a 
promoter is operably linked to a gene if the promoter regulates or mediates transcription of the 
gene in a cell. 

Those skilled in the art will recognize that there are a number of promoters which are 
functional in plant cells, and have been described in the literature. Chloroplast and plastid 
specific promoters, chloroplast or plastid functional promoters, and chloroplast or plastid 
operable promoters are also envisioned. 

One set of plant functional promoters are constitutive promoters such as the CaMV35S or 
FMV35S promoters that yield high levels of expression in most plant organs. Enhanced or 
duplicated versions of the CaMV35S and FMV35S promoters are useful in the practice of this 
invention (Odell, etal. (1985) Nature 313:810-812; Rogers, U.S. Patent Number 5,378, 619). In 
addition, it may also be preferred to bring about expression of the prenyltransferase or tocopherol 
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cyclase gene in specific tissues of the plant, such as leaf, stem, root, tuber, seed, fruit, etc, and 
the promoter chosen should have the desired tissue and developmental specificity. 

Of particular interest is the expression of the nucleic acid sequences of the present 
invention from transcription initiation regions which are preferentially expressed in a plant seed 
tissue. Examples of such seed preferential transcription initiation sequences include those 
sequences derived from sequences encoding plant storage protein genes or from genes involved 
in fatty acid biosynthesis in oilseeds. Examples of such promoters include the 5 ! regulatory 
regions from such genes as napin (Kridl et aL 3 SeedScl Res. 7:209:219 (1991)), phaseolin, zein, 
soybean trypsin inhibitor, ACP, stearoyl-ACP desaturase, soybean a' subunit of P-conglycinin 
(soy 7s, (Chen et aL, Proc. Natl Acad Sci, 83:8560-8564 (1 986))) and oleosin. 

It may be advantageous to direct the localization of proteins conferring prenyltransferase 
or tocopherol cyclase to a particular subcellular compartment, for example, to the mitochondrion, 
endoplasmic reticulum, vacuoles, chloroplast or other plastidic compartment. For example, 
where the genes of interest of the present invention will be targeted to plastids, such as 
« chloroplasts, for expression, the constructs will also employ the use of sequences to direct the 
gene to the plastid. Such sequences are referred to herein as chloroplast transit peptides (CTP) or 
plastid transit peptides (PTP). In this manner, where the gene of interest is not directly inserted 
into the plastid, the expression construct will additionally contain a gene encoding a transit 
peptide to direct the gene of interest to the plastid. The chloroplast transit peptides may be 
derived from the gene of interest, or may be derived from a heterologous sequence having a CTP. 
Such transit peptides are known in the art. See, for example, Von Heijne et aL (1991) Plant MoL 
Biol Rep. 9: 104-126; Clark et aL (1989) 1 Biol Chem. 264: 17544-17550; della-Cioppa et aL 
(1987) Plant Physiol 84:965-96S; Romer et aL (1993) Biochem. Biophys. Res Commun. 
7P6:1414-1421; and, Shah et aL (1986) Science 233:478-481. 

Depending upon the intended use, the constructs may contain the nucleic acid sequence 
which encodes the entire prenyltransferase or tocopherol cyclase protein, or a portion thereof. 
For example, where antisense inhibition of a given prenyltransferase or tocopherol cyclase 
protein is desired, the entire prenyltransferase or tocopherol cyclase sequence is not required. 
Furthermore, where prenyltransferase or tocopherol cyclase sequences used in constructs are 
intended for use as probes, it may be advantageous to prepare constructs containing only a 
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particular portion of a prenyl transferase or tocopherol cyclase encoding sequence, for example a 
sequence which is discovered to encode a highly conserved prcnyltransferasc or tocopherol 
cyclase region. 

The skilled artisan will recognize thai there are various methods Tor the inhibition of 
5 expression of endogenous sequences in a host cell. Such methods include, but arc not limited to, 
antisense suppression (Smith, et al (1 988) Nature 334:724-726) , co-suppression (Napoli, et al 
(1989) Plant Cell 2:279-289), ribozymes (PCT Publication WO 97/10328), and combinations of 
sense and antisense Waterhouse, et al (1998) Proc. Nati Acad ScL USA 95:13959-13964. 
Methods for the suppression of endogenous sequences in a host cell typically employ the 
10 transcription or transcription and translation of at least a portion of the sequence to be 

suppressed. Such sequences may be homologous to coding as well as non-coding regions of the 
endogenous sequence. 

Regulatory transcript termination regions may be provided in plant expression constructs 
of this invention as well. Transcript termination regions may be provided by the DNA sequence 

15 - encoding the prenyltransferase or tocopherol cyclase or a convenient transcription termination 
region derived from a different gene source, for example, the transcript termination region which 
is naturally associated with the transcript initiation region. The skilled artisan will recognize that 
any convenient transcript termination region which is capable of terminating transcription in a 
plant cell may be employed in the constructs of the present invention. 

2 0 Alternatively, constructs may be prepared to direct the expression of the prenyltransferase 

or tocopherol cyclase sequences directly from the host plant cell plastid. Such constructs and 
methods are known in the art and are generally described, for example, in Svab, et al. (1990) 
Proc. Natl Acad. Scl USA 87:8526-8530 and Svab and Maliga (1993) Proc. Natl Acad. Sci. 
USA 90:91 3-917 and in U.S. Patent Number 5,693,507. 

25 The prenyltransferase or tocopherol cyclase constructs of the present invention can be 

used in transformation methods with additional constructs providing for the expression of other 
nucleic acid sequences encoding proteins involved in the production of tocopherols, or 
tocopherol precursors such as homogentisic acid and/or phytylpyrophosphate. Nucleic acid 
sequences encoding proteins involved in the production of homogentisic acid are known in the 

30" art, and include but not are limited to, 4-hydroxyphenylpyruvate dioxygenase (HPPD, EC 
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1-13.1 1.27) described for example, by Garcia, el al. ((1999) Plant Physiol. 1 19(4): 1 507-1 5 16), 
mono or bifunetional lyrA (described lor example by Xia, el cti (1992) Gen Microbiol. 
138:1309-1316, and Hudson, el al. (1984) J. Moi Biol. 180:1023-1051), Oxygenase, 4- 
hydroxyphenylpyruvate di- (9CI), 4-Hydroxyphcnylpyruvatc dioxygenase; p- 
5 Hydroxyphenylpyruvatc dioxygenase; p-Hydroxyphenylpyruvate hydroxylase; p- 
Hydroxyphenylpyruvate oxidase; p-Hydroxyphenylpyruvic acid hydroxylase; p- 
Hydroxyphenylpyruvic hydroxylase; p-Hydroxyphenylpyruvic oxidase), 4-hydroxyphenylacetate, 
NAD(P)H:oxygen oxidoreduciase (l-hydroxylating); 4-hydroxyphenylacetate 1-monooxygenase, 
and the like. In addition, constructs for the expression of nucleic acid sequences encoding 

10 proteins involved in the production of phytylpyrophosphate can also be employed with the 
prenyltransferase or tocopherol cyclase constructs of the present invention. Nucleic acid 
sequences encoding proteins involved in the production of phytylpyrophosphate are known in the 
art, and include, but are not limited to geranylgeranylpyrophosphate synthase (GGPPS), 
geranylgeranylpyrophosphate reductase (GGH), l-deoxyxyluIose-5-phosphate synthase, 1- 

15 . deoxy-D-xyloIose-5-phosphate reductoisomerase, 4-diphosphocytidyl-2-C-methylerythritol 
synthase, isopentyl pyrophosphate isomerase. 

The prenyltransferase or tocopherol cyclase sequences of the present invention find use in 
the preparation of transformation constructs having a second expression cassette for the 
expression of additional sequences involved in tocopherol biosynthesis. Additional tocopherol 

20 biosynthesis sequences of interest in the present invention include, but are not limited to gamma- 
tocpherol methyltransferase (Shintani, el al (1998) Science 282(5396):2098-2 100), tocopherol 
cyclase, and tocopherol methyltransferase. 

A plant cell, tissue, organ, or plant into which the recombinant DNA constructs 
containing the expression constructs have been introduced is considered transformed, transfected, 

25 or transgenic. A transgenic or transformed cell or plant also includes progeny of the cell or plant 
and progeny produced from a breeding program employing such a transgenic plant as a parent in 
a cross and exhibiting an altered phenotype resulting from the presence of a prenyltransferase or 
tocopherol cyclase nucleic acid sequence. 

Plant expression or transcription constructs having a prenyltransferase or tocopherol 

30 cyclase as the DNA sequence of interest for increased or decreased expression thereof may be 
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employed with a wide variety of plant life, particularly, plant life involved in the production of 
vegetable oils for edible and industrial uses. Particularly preferred plants for use in the methods 
of the present invention include, but are not limited to: Acacia, alfalfa, aneth, apple, apricot 
artichoke, arugula, asparagus, avocado, banana, barley, beans, beet, blackberry, blueberry, 
5 broccoli, brusscls sprouts, cabbage, canola, cantaloupe, carrot, cassava, cauliflower, celery, 
cherry, chicory, cilantro, citrus, Clementines, coffee, com, cotton, cucumber, Douglas fir, 
eggplant, endive, escarole, eucalyptus, fennel, figs, garlic, gourd, grape, grapefruit, honey dew, 
jicama, kiwifruit, lettuce, leeks, lemon, lime, Loblolly pine, mango, melon, mushroom, nectarine, 
nut, oat, oil palm, oil seed rape, okra, onion, orange, an ornamental plant, papaya, parsley, pea, 
10 peach, peanut, pear, pepper, persimmon, pine, pineapple, plantain, plum, pomegranate, poplar, 
potato, pumpkin, quince, radiata pine, radicchio, radish, raspberry, rice, iye, sorghum, Southern 
pine, soybean, spinach, squash, strawberry, sugarbeet, sugarcane, sunflower, sweet potato, 
sweetgum, tangerine, tea, tobacco, tomato, triticale, turf, turnip, a vine, watermelon, wheat, yams, 
and zucchini. 

1 5 - . . . Most especially preferred are temperate oilseed crops. Temperate oilseed crops of 
interest include, but are not limited to, rapeseed (Canola and High Erucic Acid varieties), 
sunflower, safflower, cotton, soybean, peanut, coconut and oil palms, and corn. Depending on 
the method for introducing the recombinant constructs into the host cell, other DN A sequences 
may be required. Importantly, this invention is applicable to dicotyledyons and monocotyledons 

20 species alike and will be readily applicable to new and/or improved transformation and 
regulation techniques. 

Of particular interest, is the use of prenyl transferase or tocopherol cyclase constructs in 
plants to produce plants or plant parts, including, but not limited to leaves, stems, roots, 
reproductive, and seed, with a modified content of tocopherols in plant parts having transformed 

25 plant cells. 

For immunological screening, antibodies to the protein can be prepared by injecting 
rabbits or mice with the purified protein or portion thereof, such methods of preparing antibodies 
being well known to those in the art. Either monoclonal or polyclonal antibodies can be 
produced, although typically polyclonal antibodies are more useful for gene isolation. Western 
30 analysis may be conducted to determine that a related protein is present in a crude extract of the 
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desired plant species, as determined by cross-reaction with the antibodies to the encoded 
proteins. When cross-reactivity is observed, genes encoding the related proteins are isolated by 
screening expression libraries representing the desired plant species. Impression libraries can be 
constructed in a variety of commercially available vectors, including lambda gtll, as described in 
5 Sambrook, et al (Molecular Cloning: A Laboratory Manual, Second Edition (1 989) Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York). 

To confirm the activity and specificity of the proteins encoded by the identified nucleic 
acid sequences as prenyltransferase or tocopherol cyclase enzymes, in vilro assays are performed 
in insect cell cultures using baculovirus expression systems. Such baculovirus expression 

10 systems are known in the art and are described by Lee, et al U.S. Patent Number 5,348,886, the 
entirety of which is herein incorporated by reference. 

In addition, other expression constructs may be prepared to assay for protein activity 
utilizing different expression systems. Such expression constructs are transformed into yeast or 
prokaryotic host and assayed for prenyltransferase or tocopherol cyclase activity. Such 

15 . expression systems are known in the art and are readily available through commercial sources. 
In addition to the sequences described in the present invention, DNA coding sequences 
useful in the present invention can be derived from algae, fungi, bacteria, mammalian sources, 
plants, etc. Homology searches in existing databases using signature sequences corresponding 
to conserved nucleotide and amino acid sequences of prenyltransferase or tocopherol cyclase can 

20 be employed to isolate equivalent, related genes from other sources such as plants and 

microorganisms. Searches in EST databases can also be employed. Furthermore, the use of 
DNA sequences encoding enzymes functionally enzymatically equivalent to those disclosed 
herein, wherein such DNA sequences are degenerate equivalents of the nucleic acid sequences 
disclosed herein in accordance with the degeneracy of the genetic code, is also encompassed by 

25 the present invention. Demonstration of the functionality of coding sequences identified by any 
of these methods can be carried out by complementation of mutants of appropriate organisms, 
such as Synechocystis, Shewanctla, yeast, Pseudomonas, Rhodobacteria, etc., that lack specific 
biochemical reactions, or that have been mutated. The sequences of the DNA coding regions 
can be optimized by gene resynthesis, based on codon usage, for maximum expression in 

30 particular hosts. 
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For the alteralion of tocopherol production in a host ccIL a second expression construct 
can be used in accordance with the present invention. For example, the prenyltransferasc or 
tocopherol cyclase expression construct can be introduced into a host cell in conjunction with a 
second expression construct having a nucleotide sequence for a protein involved in tocopherol 
5 biosynthesis. 

The method of transformation in obtaining such transgenic plants is not critical to the 
instant invention, and various methods of plant transformation are currently available. 
Furthermore, as newer methods become available to transform crops, they may also be directly 
applied hereunder. For example, many plant species naturally susceptible to Agrobacierium 

10 infection may be successfully transformed via tripartite or binary vector methods of 

Agrobacierium mediated transformation. In many instances, it will be desirable to have the 
construct bordered on one or both sides by T-DNA, particularly having the left and right borders, 
more particularly the right border. This is particularly useful when the construct uses A. 
tumefaciens ovA. rhizogenes as a mode for transformation, although the T-DNA borders may 

15 - find use with other modes of transformation. In addition, techniques of microinjection, DNA 
particle bombardment, and electroporation have been developed which allow for the 
transformation of various monocot and dicot plant species. 

Normally, included with the DNA construct will be a structural gene having the necessary 
regulatory regions for expression in a host and providing for selection of transformant cells. The 

2 0 gene may provide for resistance to a cytotoxic agent, e.g. antibiotic, heavy metal, toxin, etc., 
complementation providing prototrophy to an auxotrophic host, viral immunity or the like. 
Depending upon the number of different host species the expression construct or components 
thereof are introduced, one or more markers may be employed, where different conditions for 
selection are used for the different hosts. 

25 Where Agrobacierium is used for plant cell transformation, a vector may be used which 

may be introduced into the Agrobacierium host for homologous recombination with T-DNA or 
the Ti- or Ri-plasmid present in the Agrobacierium host. The Ti- or Ri-plasmid containing the T- 
DNA for recombination may be armed (capable of causing gall formation) or disarmed 
(incapable of causing gall formation), the latter being permissible, so long as the v/r genes are 
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present in the transformed Agrobacterium host. The armed plasmid can give a mixture of normal 
plant cells and gall. 

In some instances where Agrobacterium is used as the vehicle for transforming host plant 
cells, the expression or transcription construct bordered by the T-DNA border region(s) will be 
inserted into a broad host range vector capable of replication in £ coli and Agrobacterium, there 
being broad host range vectors described in the literature. Commonly used is pRK2 or 
derivatives thereof. See, for example, Ditta, et a/., (Proc. Nat, Acad.Sci. t U.S.A. (1980) 
77:7347-7351) and EPA 0 120 515, which arc incorporated herein by reference. Alternatively, 
one may insert the sequences to be expressed in plant cells into a vector containing separate 
replication sequences, one of which stabilizes the vector in £ coli, and the other in 
Agrobacterium. See, for example, McBride, et at. (Plant Mol Biol (1990)7^:269-276), wherein 
the pRiHRI (Jouanin, et al t Mol Gen. Genet. (1985) 201:370-374) origin of replication is 
utilized and provides for added stability of the plant expression vectors in host Agrobacterhim 
cells. 

Included with the expression construct and the T-DNA will be one or more markers, 
which allow for selection of transformed Agrobacterium and transformed plant cells. A 
number of markers have been developed for use with plant cells, such as resistance to 
chloramphenicol, kanamycin, the aminoglycoside G418, hygromycin, or the like. The particular 
marker employed is not essential to this invention, one or another marker being preferred 
depending on the particular host and the manner of construction. 

For transformation of plant cells using Agrobacterium, explants may be combined and 
incubated with the transformed Agrobacterium for sufficient time for transformation, the bacteria 
killed, and the plant cells cultured in an appropriate selective medium. Once callus forms, shoot 
formation can be encouraged by employing the appropriate plant hormones in accordance with 
known methods and the shoots transferred to rooting medium for regeneration of plants. The 
plants may then be grown to seed and the seed used to establish repetitive generations and for 
isolation of vegetable oils. 

There are several possible ways to obtain the plant cells of this invention which contain 
multiple expression constructs. Any means for producing a plant comprising a construct having 
a DNA sequence encoding the expression construct of the present invention, and at least one 
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other construct having another DNA sequence encoding an enzyme arc encompassed by the 
present invention. For example, the expression construct can be used to transform a plant at the 
same lime as the second construct cither by inclusion of both expression constructs in a single 
transformation vector or by using separate vectors, each of which express desired genes. The 
5 second construct can be introduced into a plant which has already been transformed with the 
prenyltransferase or tocopherol cyclase expression construct, or alternatively, transformed plants, 
one expressing the prenyltransferase or tocopherol cyclase construct and one expressing the 
second construct, can be crossed to bring the constructs together in the same plant 

Transgenic plants of the present invention may be produced from tissue culture, and 

10 subsequent generations grown from seed. Alternatively, transgenic plants may be grown using 
apomixis. Apomixis is a genetically controlled method of reproduction in plants where the 
embryo is formed without union of an egg and a sperm. There are three basic types of apomictic 
reproduction: 1) apospory where the embryo develops from a chromosomally unreduced egg in 
an embryo sac derived from the nucleus, 2) diplospory where the embryo develops from an 

15 - unreduced egg in an embryo sac derived from the megaspore mother cell, and 3) adventitious 
embryony where the embryo develops directly from a somatic cell. In most forms of apomixis, 
pseudogamy or fertilization of the polar nuclei to produce endosperm is necessary for seed 
viability. In apospory, a nurse cultivar can be used as a pollen source for endosperm formation in 
seeds. The nurse cultivar does not affect the genetics of the aposporous apomictio cultivar since 

20 the unreduced egg of the cultivar develops parthenogenetically, but makes possible endosperm 
production. Apomixis is economically important, especially in transgenic plants, because it 
causes any genotype, no matter how heterozygous, to breed true. Thus/with apomictic 
reproduction, heterozygous transgenic plants can maintain their genetic fidelity throughout 
repeated life cycles. Methods for the production of apomictic plants are known in the art See, 

25 U.S. Patent No.5,81 1,636, which is herein incorporated by reference in its entirety. 

The nucleic acid sequences of the present invention can be used in constructs to provide 
for the expression of the sequence in a variety of host cells, both prokaryotic eukaiyotic. Host 
cells of the present invention preferably include monocotyledenous and dicotyledenous plant 
cells. 
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In general, the skilled artisan is familiar with the standard resource materials which 
describe specific conditions and procedures for the construction, manipulation and isolation of 
macromolecules (e.g., DNA molecules, plasmids, etc.), generation or recombinant organisms and 
the screening and isolating of clones, (sec for example, Sambrook el al, Molecular Cloning: A 
5 laboratory Manual, Cold Spring Harbor Press ( 1 989); Maliga el al. Methods in Plan! 

Molecular Biology, Cold Spring Harbor Press (1995), the entirety of which is herein incorporated 
by reference; Birren et al, Genome Analysis: Analyzing DNA, 1 , Cold Spring Harbor, New York, 
the entirety of which is herein incorporated by reference). 

Methods for the expression of sequences in insect host cells are known in the art. 

10 Baculovirus expression vectors are recombinant insect viruses in which the coding sequence for a 
chosen foreign gene has been inserted behind a baculovirus promoter in place of the viral gene, 
e.g., polyhedrin (Smith and Summers, U.S. Pat. No., 4,745,05 1, the entirety of which is 
incorporated herein by reference). Baculovirus expression vectors are known in the art, and are 
described for example in Doerfler, Curr. Top. Microbiol Immunol 757:51-68 (1968); Luckow 

15 • and Summers, Bio/Technology 6:47-55 (1988a); Miller, Annual Review of Microbiol 42:177-199 
(1988); Summers, Curr. Comm. Molecular Biology, Cold Spring Harbor Press, Cold Spring 
Harbor, N.Y. (1988); Summers and Smith, A Manual of Methods for Baculovirus Vectors and 
Insect Cell Culture Procedures, Texas Ag. Exper. Station Bulletin No. 1555 (1 988), the 
entireties of which is herein incorporated by reference) 

2 0 Methods for the expression of a nucleic acid sequence of interest in a fungal host cell are 

known in the art. The fungal host cell may, for example, be a yeast cell or a filamentous fungal 
cell. Methods for the expression of DNA sequences of interest in yeast cells are generally 
described in "Guide to yeast genetics and tnolecular biology", Guthrie and Fink, eds. Methods in 
enzymology , Academic Press, Inc. Vol 194 (1991) and Gene expression technology", Goeddel 

2 5 ed, Methods in Enzymology, Academic Press, Inc., Vol 1 85 (1 99 1). 

Mammalian cell lines available as hosts for expression arc known in the art and include 
many immortalized cell lines available from the American Type Culture Collection (ATCC, 
Manassas, VA), such as HeLa cells, Chinese hamster ovary (CHO) cells, baby hamster kidney 
(BHK) cells and a number of other cell lines. Suitable promoters for mammalian cells are also 

30 known in the art and include, but are not limited to, viral promoters such as that from Simian 
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Virus 40 (SV40) (Fiers et aL Nature 273:1 13 (1978), the entirety of which is herein incorporated 
by reference), Rous sarcoma virus (RSV), adenovirus (ADV) and bovine papilloma virus (BPV), 
Mammalian cells may also require terminator sequences and poly-A addition sequences. 
Enhancer sequences which increase expression may also be included and sequences which 
5 promote amplification of the gene may also be desirable (for example methotrexate resistance 
genes). 

Vectors suitable for replication in mammalian cells are well known in the art, and may 
include viral replicons, or sequences which insure integration of the appropriate sequences 
encoding epitopes into the host genome. Plasmid vectors that greatly facilitate the; construction of 
10 recombinant viruses have been described (see, for example, Mackett et al t J Virol. 49.ZS1 

(1984); Chakrabarti et al, Mol Cell Biol 5:3403 (1985); Moss, In: Gene Transfer Vectors For 
Mammalian Cells (Miller and Calos, eds., Cold Spring Harbor Laboratory, N.Y., p. 10, (1 987); 
all of which are herein incorporated by reference in their entirety). 

The invention also includes plants and plant parts, such as seed, oil and meal derived 
15 • from seed, and feed and food products processed from plants, which are enriched in tocopherols. 
Of particular interest is seed oil obtained from transgenic plants where the tocopherol level has 
been increased as compared to seed oil of a non-transgenic plant. 

The harvested plant material may be subjected to additional processing to further enrich 
the tocopherol content. The skilled artisan will recognize that there are many such processes or 
20 methods for refining, bleaching and degumming oil. United States Patent Number 5,932,261, 
issued August 3, 1999, discloses on such process, for the production of a natural carotene rich 
refined and deodorised oil by subjecting the oil to a pressure of less than 0.060 mbar and to a 
temperature of less than 200.degree. C. Oil distilled by this process has reduced free fatty acids, 
— yielding a refined, deodorised oil where Vitamin E contained in the feed oil is substantially 
2 5 retained in the processed oil. The teachings of this patent are incorporated herein by reference. 

The invention now being generally described, it will be more readily understood by 
reference to the following examples which are included for purposes of illustration only and are 
not intended to limit the present invention. 
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EXAMPLES 

Example I: Identification of Prenyllranslcrase or tocopherol cyclase Sequences 

5 PSI-BLAST (AltschuK el ah (1 997) Nuc Acid Res 25:3389-3402) profiles were generated 

for both the straight chain and aromatic classes of prenyltransferases. To generate the straight 
chain profile, a prenyl- transferase from Porphyra purpurea (Genbank accession 1709766) was 
used as a query against the NCBI non-redundant protein database. The K coli enzyme involved 
in the formation of ubiquinone, ubiA (genbank accession 1790473) was used as a starting 

10 sequence to generate the aromatic prenyltransferase profile. These profiles were used to search 
public and proprietary DNA and protein data bases. In Arabidopsis six putative 
prenyltransferases of the straight-chain class were identified, ATPT1, (SEQ ID NO:9), ATPT7 
(SEQ ID NO: 1 0), ATPT8 (SEQ ID NO: 1 1), ATPT9 (SEQ ID NO: 1 3), ATPT10 (SEQ ID 
NO: 14), and ATPT1 1 (SEQ ID NO: 15), and six were identified of the aromatic class, ATPT2 

15 - (SEQ ID NO:l), ATPT3 (SEQ ID NO:3), ATPT4 (SEQ ID NO:5), ATPT5 (SEQ ID NO:7), 

ATPT6 (SEQ ID NO:8), and ATPT12 (SEQ ID NO:16). Additional prenyltransferase sequences 
from other plants related to the aromatic class of prenyltransferases, such as soy (SEQ ID NOs: 
1 9-23, the deduced amino acid sequence of SEQ ID NO:23 is provided in SEQ ID NO:24) and 
maize (SEQ ID NOs:25-29, and 31) are also identified. The deduced amino acid sequence of 

20 ZMPT5 (SEQ ID NO:29) is provided in SEQ ID NO:30. 

Searches are performed on a Silicon Graphics Unix computer using additional 
Bioaccellerator hardware and Gen Web software supplied by Compugen Ltd. This softwaife and 
hardware enables the use of the Smith- Waterman algorithm in searching DNA and protein 
databases using profiles as queries. The program used to query protein databases is profilesearch. 

25 This is a search where the query is not a single sequence but a profile based on a multiple 

alignment of amino acid or nucleic acid sequences. The profile is used to query a sequence data 
set, i.e., a sequence database. The profile contains all the pertinent information for scoring each 
position in a sequence, in effect replacing the "scoring matrix" used for the standard query 
searches. The program used to query nucleotide databases with a protein profile is tprofilesearch. 

30 Tprofilesearch searches nucleic acid databases using an amino acid profile query. As the search is 
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running, sequences in the database are translated to amino acid sequences in six reading frames. 
The output file Tor tprofilescareh is identical to the output file Tor profilesearch except For an 
additional column that indicates the frame in which the best alignment occurred. 

The Smith- Waterman algorithm, (Smith and Waterman (1981) supra), is used to search 
5 for similarities between one sequence from the query and a group of sequences contained in the 
database. E score values as well as other sequence information, such as conserved peptide 
sequences are used to identify related sequences. 

To obtain the entire coding region corresponding to the Arabidopsis prenyltransferase 
sequences, synthetic oligo-nucleotide primers are designed to amplify the 5' and 3' ends of 
10 partial cDNA clones containing prenyltransferase sequences. Primers are designed according to 
the respective Arabidopsis prenyltransferase sequences and used in Rapid Amplification of 
cDNA Ends (RACE) reactions (Frohman et ai (1988) Proc. Nail Acad ScL USA 85:8998-9002) 
using the Marathon cDN A amplification kit (Clontech Laboratories Inc, Palo Alto, CA). 

Amino acid sequence alignments between ATPT2 (SEQ ID NO:2), ATPT3 (SEQ ID 
15 - NO:4), ATPT4 (SEQ ID NO:6), ATPT8 (SEQ ID NO:12), and ATPTI2 (SEQ ID NO:17) are 
performed using ClustalW (Figure 1), and the percent identity and similarities are provided in 
Table 1 below. 



Table 1: 



ATPT2 


ATPT3 


ATPT4 


ATPT8 


ATPT12 


ATPT2 % Identity 


12 


13 


11 


15 


% similar 


25 


25 


22 


32 


%Gap 


17 


20 


20 


9 


ATPT3 % Identity 




12 


6 


22 


% similar 




29 


16 


38 


%Gap 




20 


24 


14 


ATPT4 % Identity 






9 


14 


% similar 






18 


29 


%Gap 






26 


19 


ATPT8 % Identity 
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10 


% Gap 


20 


ATPT12 % Identity 




% similar 




%Gap 





Example 2: Preparation of Prenyl Transferase Expression Constructs 

A plasmid containing the napin cassette derived from pCGN3223 (described in USPN 
5,639,790, the entirety of which is incorporated herein by reference) was modified to make it 
5 more useful for cloning large DNA fragments containing multiple restriction sites, and to allow 
the cloning of multiple napin fusion genes into plant binary transformation vectors. An adapter 
comprised of the self annealed oligonucleotide of sequence 

CGCGATTTAAATGGCGCGCCCTGCAGGCGGCCGCCTGCAGGGCGCGCCATTTAAAT 
(SEQ ID NO:40) was ligated into the cloning vector pBC SK+ (Stratagene) after digestion with 
10 - the restriction endonuclease BssHII to construct vector pCGN7765. Plamids pCGN3223 and 
pCGN7765 were digested with NotI and ligated together. The resultant vector, pCGN7770, 
contains the pCGN7765 backbone with the napin seed specific expression cassette from 
pCGN3223. 

The cloning cassette, pCGN7787, essentially the same regulatory elements as 
1 5 pCGN7770, with the exception of the napin regulatory regions of pCGN7770 have been replaced 
with the double CAMV 35S promoter and the tml polyadenylation and transcriptional 
termination region. 

A binary vector for plant transformation, pCGN5139, was constructed from pCGN1558 
(McBride and Summerfelt, (1 990) Plant Molecular Biology, 14:269-276). The polylinker of 
20 pCGN1558 was replaced as a HindIII/Asp718 fragment with a polylinker containing unique 
restriction endonuclease sites, AscI, Pad, Xbal, Swal, BamHI, and NotI. The Asp718 and 
Hindlll restriction endonuclease sites are retained in pCGN5139. 

A series of turbo binary vectors are constructed to allow for the rapid cloning of DNA 
sequences into binary vectors containing transcriptional initiation regions (promoters) and 
25 transcriptional termination regions. 
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The plasmid pCGN8618 was constructed by ligating oligonucleotides 5'- 
TCGAGGATCCGCGGCCGCAAGCrrCCrGCAGGOMSEQ ID NO:4l) and 5*- 
TCGACCTGCAGGAAGCITGCGGCCGCGGATCC-3 , (SEQ ID NO:42) into Sall/Xhol- 
digested pCGN7770. A fragment containing the napin promoter, polylinker and hapin 3' region 
5 was excised from pCGN86 1 8 by digestion with Asp7 1 81; the fragment was blunt-ended by filling 
in the 5' overhangs with Klenow fragment then ligated into pCGN5 139 that had been digested 
with Asp71 81 and HindlU and blunt-ended by filling in the 5' overhangs with Klenow fragment. 
A plasmid containing the insert oriented so that the napin promoter was closest to the blunted 
Asp71 81 site of pCGN5 139 and the napin 3' was closest to the blunted HindlU site was subjected 

10 to sequence analysis to confirm both the insert orientation and the integrity of cloning junctions. 
The resulting plasmid was designated pCGN8622. 

The plasmid pCGN8619 was constructed by ligating oligonucleotides 5'- 
TCGACCTGCAGGAAGCTTGCGGCCGCGGATCC -3' (SEQ ID NO:43) and 5'- 
TCGAGGATCCGCGGCCGCAAGCTTCCTGCAGG-3* (SEQ IDNO:44) into Sall/Xhol- 

15 - digested pCGN7770. A fragment containing the napin promoter, polylinker and napin 3* region 
was removed from pCGN8619 by digestion with Asp71 81; the fragment was blunt-ended by 
filling in the 5 s overhangs with Klenow fragment then ligated into pCGN5139 that had been 
digested with Asp71 81 and HindlU and blunt-ended by filling in the 5' overhangs with Klenow 
fragment. A plasmid containing the insert oriented so that the napin promoter was closest to the 

20 blunted Asp7181 site of pCGNSl 39 and the napin 3' was closest to the blunted HindlU site was 
subjected to sequence analysis to confirm both the insert orientation and the integrity of cloning 
junctions. The resulting plasmid was designated pCGN8623. 

The plasmid pCGN8620 was constructed by ligating oligonucleotides 5 9 - 
TCGAGGATCCGCGGCCGCAAGCTTCCTGCAGGAGCT -3' (SEQ ID NO:45) and 5'- 

2 5 CCTGC AGG AAGCTTGCGGCCGCGG ATCC-3 s (SEQ ID NO:46) into Sall/SacI-digested 
pCGN7787. A fragment containing the d35S promoter, polylinker and tml 3* region was 
removed from pCGN8620 by complete digestion with Asp718I and partial digestion with Notl. 
The fragment was blunt-ended by filling in the 5' overhangs with Klenow fragment then ligated 
into pCGN5139 that had been digested with Asp7181 and Hindin and blunt-ended by filling in 

30 the 5* overhangs with Klenow fragment. A plasmid containing the insert oriented so that the 

28 



WO 02/33060 PCT/US01/42673 

d35S promoter was closest to the blunted Asp718I site ofpCGN5139 and the tml 3" was closest 
to the blunted I lindlll site was subjected to sequence analysis to confirm both the insert 
orientation and the integrity ofcloning junctions. The resulting plasmid was designated 
pCGN8624. 

5 The plasmid pCGN862 1 was constructed by ligating oligonucleotides 5 1 - 

TCGACCTGCAGGAAGCTTGCGGCCGCGGATCCAGCT -3' (SEQ ID NO:47) and 5'- 
GGATCCGCGGCCGCAAGCTTCCTGCAGG-3 , (SEQ ID NO:48) into Sall/SacI-digested 
pCGN7787. A fragment containing the d35S promoter, polylinker and tml 3' region was 
removed from pCGN8621 by complete digestion with Asp718I and partial digestion with Notl. 
10 The fragment was blunt-ended by filling in the 5* overhangs with Klenow fragment then ligated 
into pCGN5139 that had been digested with Asp718I and Hindlll and blunt-ended by filling in 
the 5* overhangs with Klenow fragment. A plasmid containing the insert oriented so that the 
d35S promoter was closest to the blunted Asp71 81 site of pCGN5 1 39 and the tml 3' was closest 
to the blunted Hindlll site was subjected to sequence analysis to confirm both the insert 
.15 - orientation and the integrity of cloning junctions. The resulting plasmid was designated 
pCGN8625. 

The plasmid construct pCGN8640 is a modification of pCGN8624 described above. A 
938bp PstI fragment isolated from transposon Tn7 which encodes bacterial spectinomycin and 
streptomycin resistance (Fling et al. (1 985), Nucleic Acids Research 13(19):7095-71 06), a 
20 determinant for E. coli and Agrobacterium selection, was blunt ended with Pfu polymerase. The 
blunt ended fragment was ligated into pCGN8624 that had been digested with Spel and blunt 
ended with Pfu polymerase. The region containing the PstI fragment was sequenced to confirm 
both the insert orientation and the integrity of cloning junctions. 

The spectinomycin resistance marker was introduced into pCGN8622 and pCGN8623 as 
25 follows. A 7.7 Kbp Avrll-SnaBI fragment from pCGN8640 was ligated to a 10.9 Kbp Avrll- 
SnaBI fragment from pCGN8623 or pCGN8622, described above. The resulting plasmids were 
pCGN8641 and pCGN8643, respectively. 

The plasmid pCGN8644 was constructed by ligating oligonucleotides 5'- 
GATCACCTGCAGGAAGCTTGCGGCCGCGGATCCAATGCA-3' (SEQ ID NO:49) and 5'- 
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TTGGATCCGCGGCCGCAAGCTTCCTGCAGGT-3* (SEQ ID NO:50) inlo BamI II-Pstl 
digested pCGN8640. 

Synthetic oligonulceolides were designed for use in Polymerase Chain Reactions (PCR) to 
amplify the coding sequences of ATPT2, ATPT3, ATPT4, ATPT8, and ATPT12 for the preparation 
of expression constructs and are provided in Table 2 below. 



Table 2: 



Name 


Restriction Site 


Sequence 


SEQ ID NO: 


ATPT2 


5' NotI 


GGATCCGCGGCCGCACAATGGAGTC 
TCTGCTCTCTAGTTCT 


51 


ATPT2 


3' Ssel 


GGATCCTGCAGGTCACTTCAAAAAA 
GGTAACAGCAAGT 


52 


ATPT3 


5' NotI 


GGATCCGCGGCCGCACAATGGCGTT 
TTTTGGGCTCTCCCGTGTTT 


53 


ATPT3 


3' Ssel 


GGATCCTGCAGGTTATTGAAAACTT 
CTTCCAAGTACAACT 


54 


ATPT4 


5' NotI 


GGATCCGCGGCCGCACAATGTGGCG 
AAGATCTGTTGTT 


55 


ATPT4 


3' Ssel 


GGATCCTGCAGGTCATGGAGAGTAG 
AAGGAAGGAGCT 


56 


ATPT8 


5' NotI 


GGATCCGCGGCCGCACAATGGTACT 
TGCCGAGGTTCCAAAGCTTGCCTCT 


57 


ATPT8 


3' Ssel 


GGATCCTGCAGGTCACTTGTTTCTG 
GTGATGACTCTAT 


58 


ATPT12 


5' NotI 


GGATCCGCGGCCGCACAATGACTTC 
GATTCTCAACACT 


59 


ATPT12 


3' Ssel 


GGATCCTGCAGGTCAGTGTTGCGAT 
GCTAATGCCGT 


60 



The coding sequences of ATPT2, ATPT3, ATPT4, ATPT8, and ATPT12 were all amplified 
using the respective PCR primers shown in Table 2 'above and cloned into the TopoTA vector 
(Invitrogen). Constructs containing the respective prenyltransferase sequences were digested with 
NotI and Sse8387I and cloned into the turbobinary vectors described above. 

The sequence encoding ATPT2 prenyltransferase was cloned in the sense orientation into 
pCGN8640 to produce the plant transformation construct pCGN 10800 (Figure 2). The ATPT2 
sequence is under control of the 35S promoter. 
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The ATPT2 sequence was also cloned in the anlisensc orientation into the construct 
pCGN8641 to create pCGN 10801 (Figure 3). This construct provides for the antisense expression of 
the ATPT2 sequence from the napin promoter. 

The ATPT2 coding sequence was also cloned in the sense orientation into the vector 
5 pCGN8643 to create the plant transformation construct pCGN 1 0822 

The ATPT2 coding sequence was also cloned in the antisense orientation into the vector 
pCGN8644 to create the plant transformation construct pCGNl 0803 (Figure 4). 

The ATPT4 coding sequence was cloned into the vector pCGN864 to create the plant 
transformation construct pCGN 10806 (Figure 5). The ATPT2 coding sequence was cloned into the 

10 vector TopoTA ™ vector from Invitrogen, to create the plant transformation construct 

pCGN10807(Figure 6). The ATPT3 coding sequence was cloned into the TopoTA vector to create 
the plant transformation construct pGGN 1 0808 (Figure 7). The ATPT3 coding sequence was cloned 
in the sense orientation into the vector pCGN8640 to create the plant transformation construct 
pCGN 10809 (Figure 8). The ATPT3 coding sequence was cloned in the antisense orientation into the 

1 5 . vector pCGN864 1 to create the plant transformation construct pCGN 10810 (Figure 9). The ATPT3 
coding sequence was cloned into the vector pCGN8643 to create the plant transformation construct 
pCGN1081 1 (Figure 10). The ATPT3 coding sequence was cloned into the vector pCGN8644 to 
create the plant transformation construct pCGN10812 (Figure 1 1). The ATPT4 coding sequence was 
cloned into the vector pCGN8640 to create the plant transformation construct pCGN 10813 (Figure 

20 12). The ATPT4 coding sequence was cloned into the vector pCGN8641 to create the plant 

transformation construct pCGNl 08 14 (Figure 13). The ATPT4 coding sequence was cloned into the 
vector pCGN8643 to create the plant transformation construct pCGN108I5 (Figure 14). The ATPT4 
coding sequence was cloned in the antisense orientation into the vector pCGN8644 to create the 
plant transformation construct pCGN 108 16 (Figure 15). The ATPT8 coding sequence was cloned in 

25 the sense orientation into the vector pCGN8643 to create the plant transformation construct 

pCGN10819 (Figure 1 7). The ATPT12 coding sequence was cloned into the vector pCGN8640 to * . 
create the plant transformation construct pCGN 1 0824 (Figure 1 8). The ATPT12 coding sequence 
was cloned into the vector pCGN8643 to create the plant transformation construct pCGN 10825 
(Figure 19). The ATPT8 coding sequence was cloned into the vector pCGN8640 to create the plant 

30 transformation construct pCGN 10826 (Figure 20). 
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Example 3: Plant Transformation with Prenyl Transferase Constructs 

Transgenic Brassica plants arc obtained by Agrobacteritim-mcdiaiod transformation as 
5 described by Radke et al (Theor. Appl Genet, (1988) 75:685-694; Plant Cell Reports (1992) 
/ / :499-505). Transgenic Arabidopsis thaliana plants may be obtained by Agrobacterium- 
mediated transformation as described by Valverkens et al., (Proc. Nat. Acad ScL (1988) 
55:5536-5540), or as described by Bent et al. ((1994), Science 265: 1 856-1 860), or Bechtold et al. 
((1993), CR.AcadSci, Life Sciences 316:1 194-1 199). Other plant species may be similarly 
10 transformed using related techniques. 

• Alternatively, microprojectile bombardment methods, such as described by Klein et aL 
(Bio/T echnology 70:286-291) may also be used to obtain nuclear transformed plants. 

Example 4: Identification of Additional Prenyltransferases 
15-: Additional BLAST searches were performed using the ATPT2 sequence, a sequence in 
the class of aromatic prenyltransferases. ESTs, and in some case, full-length coding regions, 
were identified in proprietaiy DNA libraries. 

Soy full-length homologs to ATPT2 were identified by a combination of BLAST (using 
ATPT2 protein sequence) and 5' RACE. Two homologs resulted (SEQ ID NO:95 and SEQ ID 

2 0 NO:96). Translated amino acid sequences are provided by SEQ ID NO:97 and SEQ ID NO:98. 

A rice est ATPT2 homolog is shown in SEQ ID NO:99 (obtained from BLAST using the 
wheat ATPT2 homolog). 

Other homolog sequences were obtained using ATPT2 and PSI-BLAST, including est 
sequencesfr^nwheat(SEQIDNO:100),leek(SEQIDNOs:101 and 102),canoIa(SEQ ID 
25 NO: 103), com v (SEQ ID NOs:104, 105 and 106), cotton (SEQ ID NO: 107) and tomato (SEQ ID 
NO: 108). 

A PSI-Blast profile generated using the £ coli ubi A (genbank accession 1 790473) 
sequence was used to analyze the Synechocysiis genome. This analysis identified 5 open reading 
frames (ORFs) in the Synechocysiis genome that were potentially prenyltransferases; slr0926 

3 0 (annotated as ubi A (4-hydroxybenzoatc-octapreny [transferase, SEQ ID NO:32), sll 1 899 
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(annotated as ctaB (cytocrome c oxidase folding protein, SEQ ID NO:33), slrf)056 (annotated as 
g4 (chlorophyll synthase 33 kd subunit, SEQ ID NO:34), slrl 5 1 8 (annotated 'as menA 
(mcnaquinonc biosynthesis protein, SEQ ID NO:35), and slrl 736 (annotated as a hypothetical 
protein of unknown function (SEQ ID NO:36). 

5 

4A. Synechocysiis Knock-outs 

To determine the functionality of these ORFs and their involvement, if any, in the 
biosynthesis of tocopherols, knockouts constructs were made to disrupt the ORF identified in 
Synechocysiis. 

10 Synthetic oligos were designed to amplify regions from the 5' (5*- 

TAATGTGTACATTGTCGGCCTC (1 7365 s ) (SEQ IDNO:61) and 5'- 

GCAATGTAACATCAGAGATTTrGAGACACAACGTGGCTTTCCACAATTCCCCGCACC 
GTC (1736kanprl)) (SEQ ID NO:62) and y (5 ' - AGGCT A AT AAGC AC AA ATGGGA (17363') 
(SEQ ID NO:63) and 5' GGTATGAGTCAGCAACACCTTCTTCACGAGGCAGACCTCAGC 

15 . GGAATTGGTTTAGGTTATCCC (1736kanpr2)) (SEQ ID NO:64) ends of the slrl 736 ORF 
The 1736kanprl and 1736kanpr2 oligos contained 20 bp of homology to the slrl 736 ORF with 
an additional 40 bp of sequence homology to the ends of the kanamycin resistance cassette. 
Separate PCR steps were completed with these oligos and the products were "gel purified and 
combined with the kanamycin resistance gene from puc4K (Pharmacia) that had been digested 

20 with Hindi and gel purified away from the vector backbone. The combined fragments were 
allowed to assemble without oligos under the following conditions: 94°C for 1 min, 55°C for 1 
min, 72°C for 1 min plus 5 seconds per cycle for 40 cycles using pfu polymerase in 1 OOul 
reaction volume (Zhao, H and Arnold (1997) Nucleic Acids Res. 25(6):1 307- 1 308). One 
microliter or five microliters of this assembly reaction was then amplified using 5* and 3* oligos 

25 nested within the ends of the ORF fragment, so that the resulting product contained 1 00-200 bp 
of the 5' end of the Synechocysiis gene to be knocked out, the kanamycin resistance cassette, and 
1 00-200 bp of the 3' end of the gene to be knocked out. This PCR product was then cloned into 
the vector pGemT easy (Promega) to create the construct pMON2 1 68 1 and used for 
Synechocysiis transformation. 
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Primers were also synthesized For the preparation or Synechocystis knockout constructs 
for the other sequences using the same method as described above, with the following primers. 
The ubiA 5' sequence was amplified using the primers S'-GGATCCATGGTT 
GCCCAAACCCCATC (SEQ ID NO:65) and 5'- GCAATGTAACATCAGAGA 
5 TTTTGAGACACAACG TGGCTTTGGGTAAGCAACAATGACCGGC (SEQ ID NO:66). 
The 3' region was amplified using the synthetic oligonucleotide primers 5*- 
GAATTCTCAAAGCCAGCCCAGTAAC (SEQ ID NO:67) and 5-GGTATGAGTC 
AGCAACACCTTCTTCACGAGGCAGACCTCAGCGGGTGCGAAAAGGGTTTTCCC (SEQ 
ID NO:68). The amplification products were combined with the kanamycin resistance gene from 

10 puc4K (Pharmacia) that had been digested with Hindi and gel purified away from the vector 

backbone. The annealed fragment was amplified using 5' and 3* oligos nested within the ends of 
the ORF fragment (5'- CCAGTGGTTTAGGCTGTGTGGTC (SEQ ID NO:69) and 5'- 
CTGAGTTGGATGTATTGGATC (SEQ ID NO:70)), so that the resulting product contained 
100-200 bp of the 5' end of the Synechocystis gene to be knocked out, the kanamycin resistance 

15 • cassette, and 100-200 bp of the 3* end of the gene to be knocked out This PCR product was then 
cloned into the vector pGemT easy (Promega) to create the construct pMON21682 and used for 
Synechocystis transformation. 

Primers were also synthesized for the preparation of Synechocystis knockout constructs 
for the other sequences using the same method as described above, with the following primers. 

20 The sll 1899 5' sequence was amplified using the primers 5*- GGATCCATGGTTACTT 
CGACAAAAATCC (SEQ ID NO:71) and 5'- GCAATGTAACATCAGAG 
ATTTTGAGACACAACGTGGCTTTGCTAGGCAACCGCTTAGTAC (SEQ ID NO:72). The 
3* region was amplified using the synthetic oligonucleotide primers 5*- 
GAATTCTTAACCCAACAGTAAAGTTCCC (SEQ ID NO:73) and 5'- GGTATGAGTCAGC 

2 5 A ACACCTTCTTCACG AGGCAG ACCTC AGCGCCGGCATTGTCTTTTACATG (SEQ ID 
NO:74). The amplification products were combined with the kanamycin resistance gene from 
puc4K (Pharmacia) that had been digested with Hindi and gel purified away from the vector 
backbone. The annealed fragment was amplified using 5' and 3' oligos nested within the ends of 
the ORF fragment (5'- GGAACCCTTGCAGCCGCTTC (SEQ ID NO:75) 
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and 5*- GTATGCCCAACTGGTGCAGAGG (SEQ ID NO:76)), so that ihe resulting product 
contained 100-200 bp of the 5" end of the Synechocystis gene to be knocked out, the kanamycin 
resistance cassette, and 100-200 bp of the 3' end of the gene to be knocked out. This PCR 
product was then cloned into the vector pGemT easy (Promega) to create the construct 
5 pMON2l679 and used for Synechocystis transformation. 

Primers were also synthesized for the preparation of Synechocystis knockout constructs 
for the other sequences using the same method as described above, with the following primers. 
The slr0056 5' sequence was amplified using the primers 5*- 
GGATCCATGTCTGACACACAAAATACCG (SEQ ID NO:77) and 5*. 

10 GCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCGCCAATACCAGCCACC 
AACAG (SEQ ID NO:78). The 3* region was amplified using the synthetic oligonucleotide 
primers 5'- GAATTCTCAAAT CCCCGCATGGCCTAG (SEQ ID NO:79) and 5'- 
GGTATGAGTCAGCAACACCTTCTTCACGAGGCAGACCTCAGCGGCCTACGGCTTGGA 
CGTGTGGG (SEQ ID NO:80). The amplification products were combined with the kanamycin 

15 - resistance gene from puc4K (Pharmacia) that had been digested with HincIL and gel purified 
away from the vector backbone. The annealed fragment was amplified using 5' and 3' oligos 
nested within the ends of the ORP fragment (5'- CACTTGGATTCCCCTGATCTG (SEQ ID 
NO:81) and 5'- GCAATACCCGCTTGGAAAACG (SEQ ID NO:82)), so that the resulting 
product contained 1 00-200 bp of the 5* end of the Synechocystis gene to be knocked out, the 

20 kanamycin resistance cassette, and 100-200 bp of the 3* end of the gene to be knocked out This 
PCR product was then cloned into the vector pGemT easy (Promega) to create the construct 
pMON2 1 677 and used for Synechocystis transformation. 

Primers were also synthesized for the preparation of Synechocystis knockout constructs 
for the other sequences using the same method as described above, with the following primers. 

25 The slrl518 5' sequence was amplified using the primers 5'- GGATCCATGACCGAAT 
CTTCGCCCCTAGC (SEQ ID NO:83) and 5 '-GC A ATGTA ACATC AG AGATTTTGA 
GACACAACGTGGC TTTCAATCCTAGGTAGCCGAGGCG (SEQ ID NO:84). The 3* region 
was amplified using the synthetic oligonucleotide primers 5'- GAATTCTTAGCCCAGGCC 
AGCCCAGCC (SEQ ID NO:85)and 5*- GGTATGAGTCAGCAACACCTTCTTCACGA 

3 0 GGCAG ACCTCAGCGGGG AA1TGATTTGTTTA ATTACC (SEQ ID NO:86). The 
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amplification products were combined with the kanamycin resistance gene from puc4K 
(Pharmacia) that had been digested with Hindi and gel purified away from the vector backbone. 
The annealed fragment was amplified using 5* and 3* oligos nested within the ends ofthe ORF 
fragment (5'- GCGATCGCCATrATCGCITGG (SEQ ID NO:87) and 5*- 
5 GCAGACTGGCAATTATCAGTAACG (SEQ ID NO:88)), so that the resulting product 

contained 100-200 bp of the 5' end ofthe Synechocystis gene to be knocked out, the kanamycin 
resistance cassette, and 1 00-200 bp of the 3* end of the gene to be knocked out. This PGR 
product was then cloned into the vector pGcmT easy (Promega) to create the construct 
pMON21680 and used for Synechocystis transformation. 

10 

4B. Transformation of Synechocystis 

Cells of Synechocystis 6803 were grown to a density of approximately 2xl0 8 cells per ml 
and harvested by centrifugation. The cell pellet was re-suspended in fresh BG-1 1 medium 
(ATCC Medium 616) at a density of lxlO 9 cells per ml and used immediately for transformation. 

15 - One-hundred microliters of these cells were mixed with 5 ul of mini prep DNA and incubated 
with light at 30C for 4 hours. This mixture was then plated onto nylon filters resting on BG- 1 1 
agar supplemented with TES pH8 and allowed to grow for 12-1 8 hours. The filters were then 
transferred to BG-1 1 agar 4- TES + 5ug/ml kanamycin and allowed to grow until colonies 
appeared within 7-10 days (Packer and Glazer, 1988). Colonies were then picked into BG-1 1 

2 0 liquid media containing 5 ug/ml kanamycin and allowed to grow for 5 days. These cells were 
then transferred to Bg-1 1 media containing lOug/ml kanamycin and allowed to grow for 5 days 
and then transferred to Bg-1 1 + kanamycin at 25ug/ml and allowed to grow for 5 days. Cells 
were then harvested for PCR analysis to determine the presence of a disrupted ORF and also for 
HPLC analysis to determine if the disruption had any effect on tocopherol levels. 

2 5 PCR analysis of the Synechocystis isolates for sir 1 736 and sll 1 899 showed complete 

segregation ofthe mutant genome, meaning no copies ofthe wild type genome could be detected 
in these strains. This suggests that function of the native gene is not essential for cell function. 
HPLC analysis of these same isolates showed that the sll 1899 strain had no detectable reduction 
in tocopherol levels. However, the strain carrying the knockout for slrl 736 produced no 

30 delectable levels of tocopherol. 
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The amino acid sequences for the Synechocyslis knockouts are compared using ClustalW, 
and are provided in Table 3 below. Provided arc the percent identities, percent similarity, and the 
percent gap. The alignment or the sequences is provided in Figure 21 . 

5 Table 3: 



Slrl736 


slr0926 


sill 899 


slrO056 


slrl5 18 


slrl736%identity 


14 


12 


18 


11 


%similar 


29 


30 


34 


26 


%gap 


8 


7 


10 


5 


slr0926 %identity 




20 


19 


14 


%similar > 




39 


32 


28 


%gap 




7 


9 


4 


slI18?9%identity 






17 


13 . 


%similar 






29 


29 


%gap 






12 


9 


slr0056 %identity 








15 


%similar 








31 


%gap 








8 



slrl518%identity 
%similar 



%gap 



Amino acid sequence comparisons are performed using various Arabidopsis 
prenyltransferase sequences and the Synechocystis sequences. The comparisons are presented in 
Table 4 below. Provided are the percent identities, percent similarity, and the percent gap. The 
10 alignment of the sequences is provided in Figure 22. 



Table 4: 



ATPT2 sir 1736 


ATPT3 


slr0926 


ATPT4 


sill 899 


ATPT12 


shO056 


ATPT8 


slr!518 


ATPT2 29 


9 


9 


8 


8 


12 


9 


7 


9 
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46 


23 


21 


20 


20 


28 


23 


21 


20 




27 


13 


28 


23 


29 


11 


24 


25 


24 


Slrl736 




9 


13 


8 


12 


13 


15 


8 


10 






19 


28 


19 


28 


26 


33 


21 


26 






34 


12 


34 


15 


26 


10 


12 


10 


ATPT3 






23 


11 


14 


13 


10 


5 


11 








36 


26 


26 


26 


21 


14 


22 








29 


21 


31 


16 


30 


30 


30 










12 


20 


17 


20 


11 


14 


slK>926 








24 


37 


28 


33 


24 


29 










33 


12 


25 


10 


11 


9 












18 


11 


8 


6 


7 


ATPT4 










33 


23 


18 


16 


19 












28 


19 


32 


32 


33 














13 


17 


10 


12 


sill 899 












24 


30 


23 


26 














27 


13 


10 


11 
















52 


8 


11 


ATPTI 














66 


19 


26 



2 

18 25 23 

9 13 

sli0056 23 32 

10 8 
7 

ATPT8 23 

7 

slrl 5 1 8 
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4C Phylyl Prenyltransferase Enzyme Assays 

[ 3 H] Homogentisic acid in 0.1% H3PO4 (specific radioactivity 40 Ci/mmol). Phytyl 
5 pyrophosphate was synthesized as described by Joo, et al. (1 973) Can 1 Biochem. 51 : 1527. 2- 
methyl-6-phytylquinol and 2,3-dimethyl-5-phytylquinol were synthesized as described by Soil, et 
al (1 980) Phylochemistry 19:2 1 5. Homogentisic acid, a, p, 8, and y-tocopherol, and tocol, were 
purchased commercially. 

The wild-type strain oiSynechocystis sp. PCC 6803 was grown in BG1 1 medium with 
10 bubbling air at 30°C under 50 nE.m'V 1 fluorescent light, and 70% relative humidity. The growth 
medium of slrl736 knock-out (potential PPT) strain of this organism was supplemented with 25 
jag mL' 1 kanamycin. Cells were collected from 0.25 to 1 liter culture by centrifugation at 5000 g 
for 1 0 min and stored at -80°C. 
• ■ Total membranes were isolated according to Zak's procedures with some modifications (Zak, 
15 et al (1 999) Eur J. Biochem 261:31 1). Cells were broken on a French press. Before the French 
press treatment, the cells were incubated for 1 hour with lysozyme (0.5%, w/v) at 30 °C in a 
medium containing 7 mM EDTA, 5 mMNaCl and 10 mM Hepes-NaOH, pH 7.4. The 
spheroplasts were collected by centrifugation at 5000 g for 10 min and resuspended at 0.1 - 0.5 mg 
chlorophyll -ml/ 1 in 20 mM potassium phosphate buffer, pH 7.8. Proper amount of protease 
20 inhibitor cocktail and DNAase I from Boehringer Mannheim were added to the solution. French 
press treatments were performed two to three times at 100 MPa. After breakage, the cell 
suspension was centrifliged for 10 min at 5000g to pellet unbroken cells, and this was followed by 
centrifugation at 1 00 000 g for 1 hour to collect total membranes. The final pellet was resuspended 
in a buffer containing 50 mM Tris-HCL and 4 mM MgCl 2 . 
25 Chloroplast pellets were isolated from 250 g of spinach leaves obtained from local markets. 

Devined leaf sections were cut into grinding buffer (2 I /250 g leaves) containing 2 mM EDTA, 1 
mM MgCl 2 , 1 mM MnCl 2 , 0.33 M sorbitol, 0.1% ascorbic acid, and 50 mM Hepes at pH 7.5. The 
leaves were homogenized for 3 sec three times in a 1-L blendor, and filtered through 4 layers of 
mirocloth. The supernatant was then centrifuged at 5000# for 6 min. The chloroplast pellets were 
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rcsuspcndcd in small amounl ofgrinding buffer (Douccc/ al Methods in Chloroplast Molecular 
Biology, 239 (1982) 

Chloroplasts in pellets can be broken in three ways. Chloroplast pellets were first aliquotcd 
in I mg of chlorophyll per tube, ccntrifuged at 6000 rprn for 2 min in microcentrifuge, and 
5 grinding buffer was removed. Two hundred microliters of Triton X-100 buffer (0.1% Triton X- 
1 00, 50 mM Tris-HCl pH 7.6 and 4 mM MgCl 2 ) or swelling buffer (10 mM Tris pH 7.6 and 4 
mM MgCl 2 ) was added to each tube and incubated for Vi hour at 4°C. Then the broken 
chloroplast pellets were used for the assay immediately. In addition, broken chloroplasts can also 
be obtained by freezing in liquid nitrogen iand stored at -80°C for Vi hour, then used for the assay. 

10 In some cases chloroplast pellets were further purified with 40%/ 80% percoll gradient to 
obtain intact chloroplasts. The intact chloroplasts were broken with swelling buffer, then either 
used for assay or further purified for envelope membranes with 20.5%/ 3 1.8% sucrose density 
gradient (Sol, et al (1980) supra). The membrane fractions were centrifuged at 100 OOOg for 40 
min and resuspended in 50 mM Tris-HCl pH 7.6, 4 mM MgCk* 

15 - : . Various amounts of ( 3 H]HGA, 40 to 60 |iM unlabelled HGA with specific activity in the 
range of 0.1 6 to 4 Ci/mmole were mixed with a proper amount of 1M Tris-NaOH pH 1 0 to adjust 
pH to 7.6. HGA was reduced for 4 min with a trace amount of solid NaBHU. In addition to HGA, 
standard incubation mixture (final vol 1 mL) contained 50 mM Tris-HCl, pH 7.6, 3-5 mM MgCh, 
and 1 00 \xM phytyl pyrophosphate. The reaction was initiated by addition of Synechocystis total 

2 0 membranes, spinach chloroplast pellets, spinach broken chloroplasts, or spinach envelope 

membranes. The enzyme reaction was carried out for 2 hour at 23°C or 30°C in the dark or light 
The reaction is stopped by freezing with liquid nitrogen, and stored at -80°C or directly by 
extraction. 

A constant amount of tocol was added to each assay mixture and reaction products were 
2 5 extracted with a 2 mL mixture of chloroform/methanol (1 :2, v/v) to give a monophasic solution. 
NaCl solution (2 mL; 0.9%) was added with vigorous shaking. This extraction procedure wais 
repealed three times. The organic layer containing the prenylquinones was filtered through a 20 
mp. filter, evaporated under N2, and then resuspended in 100 |iL of ethanol. 

The samples were mainly analyzed by Normal-Phase HPLC method (Isocratic 90% Hexane 
30 and 10% Methyl-t-butyl ether), and use a Zorbax silica column, 4.6 x 250 mm. The samples were 
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also analyzed by Reversed-Phasc HPLC method (Isocratic 0. 1% I in McOH), and use a 
Vydac 2011 IS54 CI 8 column; 4.6 x 250 mm coupled with an All-tcch C18 guard column. The 
amount of products were calculated based on the substrate specific radioactivity, and adjusted 
' according to the % recovery based on the amount of internal standard. 
5 The amount of chlorophyll was determined as described in Arnon (1949) Plant Physiol 24: 1 . 
Amount of protein was determined by the Bradford method using gamma globulin as a standard 
(Bradford, (1 976) Anal Biochem. 72:248) 

Results of the assay demonstrate that 2-Methyl-6-Phytylplastoquinone is not produced in 
the Synechocyslis sir 1736 knockout preparations. The results of the phytyl prenyltransferase 
10 enzyme activity assay for the slrl736 knock out are presented in Figure 23. 

4D. Complementation of the slrl 736 knockout with ATPT2 

In order to determine whether ATPT2 could complement the knockout of slrl 736 in 
Synechocyslis 6803, a plasmid was constructed to express the ATPT2 sequence from the TAC 

1 5 - promoter. A vector, plasmid psll 21 1, was obtained from the lab of Dr. Himadri Pakrasi of 
Washington University, and is based on the plasmid RSF1010 which is a broad host range 
plasmid (Ng W.-0 M Zentella R., Wang, Y., Taylor J-S. A., Pakrasi, H.B. 2000. phrA, the major 
photoreactivating factor in the cyanobacterium Synechocyslis sp. strain PCC 6803 codes for a 
cyclobutane pyrimidine dimer specific DN A photolyase. Arch Microbiol (in press)). The 

2 0 ATPT2 gene was isolated from the vector pCGN 1 08 1 7 by PCR using the following primers. 
ATPT2nco.pr 5'-CCATGGATTCGAGTAAAGTTGTCGC (SEQ ID NO:89); ATPT2ri.pr- 5'- 
GAATTCACTTCAAAAAAGGTAAC AG (SEQ ID NO:90). These primers will remove 
approximately 1 1 2 BP from the 5 s end of the ATPT2 sequence, which is thought to be the 
chloroplast transit peptide. These primers will also add an Ncol site at the 5' end and an EcoRI 

2 5 site at the 3 9 end which can be used for sub-cloning into subsequent vectors. The PCR product 
from using these primers and pCGNl 08 1 7 was ligated into pGEM T easy and the resulting 
vector pMON2 1 689 was confirmed by sequencing using the m 1 3forward and ml 3reverse 
primers. The NcoI/EcoRI fragment from pMON21689 was then ligated with the Eagl/EcoRI 
and Eagl/Ncol fragments from psll 21 1 resulting in pMON21690. The plasmid pMON21690 

30 was introduced into the slrl 736 Synechocyslis 6803 KO strain via conjugation. Cells of sl906 (a 
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helper strain) and DM 10B cells containing pMON2!690 were grown to log phase (O.D. 600= 
0.4) and 1 ml was harvested by centri [ligation. The cell pellets were washed twice with a sterile 
BG-1 1 solution and resuspended in 200 ui ofBG-1 1. The following was mixed in a sterile 
eppendorf tube: 50 ul SL906, 50 ui DII10B cells containing pMON21690, and 100 ul of a fresh 
5 culture of the slrl 736 Synechocystis 6803 KO strain (O.D. 730 ~ 0.2-0.4). The cell mixture was 
immediately transferred to a nitrocellulose filter resting on BG-I I and incubated for 24 hours at 
30C and 2500 LUX(50 ue) of light. The filter was then transferred to BG-1 1 supplemented with 
1 Oug/ml Gentamycin and incubated as above for -5 days. When colonies appeared, they were 
picked and grown up in liquid BG-1 1 + Gentamycin 10 ug/ml. (Elhai, J. and Wolk, P. 1988. 

10 Conjugal transfer of DNA to Cyanobacteria. Methods in Enzymology 1 67, 747-54) The liquid 
cultures were then assayed for tocopherols by harvesting 1 ml of culture by centrifugation, 
extracting with ethanol/pyrogallol, and HPLC separation. The slrl 736 Synechocystis 6803 KO 
strain, did not contain any detectable tocopherols, while the slrl 736 Synechocystis 6803 KO 
strain transformed with pmon2 1 690 contained detectable alpha tocopherol. A Synechocystis 

15 - 6JS03 strain transformed with psll21 l(vector control) produced alpha tocopherol as well. 

4E: Additional Evidence of Prenyltransferase Activity 

To test the hypothesis that slrl 736 or ATPT2 are sufficient as single genes to obtain 
20 phytyl prenyltransferase activity, both genes were expressed in SF9 cells and in yeast. When 
either slrl 736 or ATPT2 were expressed in insect cells (Table 5) or in yeast, phytyl 
prenyltransferase activity was detectable in membrane preparations, whereas membrane 
preparations of the yeast vector control, or membrane preparations of insect cells did not exhibit 
phytyl prenyltransferase activity. 

25 

Tabic 5: Phytyl prenyltransferase activity 

Enzyme source Enzyme activity 

[pmol/mgxhl 

slrl 736 expressed in SF9 cells 20 

ATPT2 expressed in SF9 cells 6 

SF9 cell control <0.05 
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Synechocysfis 6S03 0.25 

Spinach chloroplasts 0.20 

Example 5: Transgenic Plant Analysis 
5A. Arabidopsis 

5 Arabidopsis plants transformed with constructs for the sense or antisense expression of 

the ATPT proteins were analyzed by High Pressure Liquid Chromatography (HPLC) for altered 
levels of total tocopherols, as well as altered levels of specific tocopherols (alpha, beta, gamma, 
and delta tocopherol). 

Extracts of leaves and seeds were prepared for HPLC as follows. For seed extracts, 10 
10 mg of seed was added to 1 g of microbeads (Biospec) in a sterile microfuge tube to which 500 ul 
1% pyrogallol (Sigma Chem)/ethanol was added. The mixture was shaken for 3 minutes in a 
mini Beadbeater (Biospec) on "fast" speed. The extract was filtered through a 0.2 urn Filter into 
an autosampler tube. The filtered extracts were then used in HPLC analysis described below. 

Leaf extracts were prepared by mixing 30-50 mg of leaf tissue with I g microbeads and 
15 freezing in liquid nitrogen until extraction. For extraction, 500 ul 1% pyrogallol in ethanol was 
added to the leafTbead mixture and shaken for 1 minute on a Beadbeater (Biospec) on u fasf * 
speed. The resulting mixture was centrifuged for 4 minutes at 14,000 rpm and filtered as 
described above prior to HPLC analysis. ■ ■ 

HPLC was performed on a Zorbax silica HPLC column (4.6 mm X 250 mm) with a 
20 fluorescent detection, an excitation at 290 nm, an emission at 336 run, and bandpass and slits. 
Solvent A was hexane and solvent B was methyl-t-butyl ether. The injection volume was 20 ul, 
the flow rate was 1 .5 ml/min, the run time was 12 min (40°C) using the gradient (Table 6): 

Table 6: 



Time 


Solvent A 


Solvent B 


0 min. 


90% 


10% 


10 min. 


90% 


10% 


1 1 min. 


25% 


75% 


12 min. 


90% 


10% 
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Tocopherol standards in 1% pyrogallol/ cthanol were also run Tor comparison (alpha 
tocopherol, gamma tocopherol, bcla tocopherol, delta tocopherol, and tocopherol (tocol) (all from 
Malrcya). 

5 Standard curves for alpha, beta, delta, and gamma tocopherol were calculated using 

Chemstation software. The absolute amount of component x is: Absolute amount of x= 
Response x x RF X x dilution factor where Response x is the area of peak x, RF X is the response 
factor for component x (Amount x /Response x ) and the dilution factor is 500 ul. The ng/mg tissue 
is found by: total ng component/mg plant tissue. 

10 Results of the HPLC analysis of seed extracts of transgenic Arabidopsis lines containing 

pMON 10822 for the expression of ATPT2 from the napin promoter are provided in Figure 24. 

HPLC analysis results of segregating T2 Arabidopsis seed tissue expressing the ATPT2 
sequence from the napin promoter (pCGN 10822) demonstrates an increased level of tocopherols 
in the seed. Total tocopherol levels are increased as much as 50% over the total tocopherol 

1 5 - levels of non-transformed (wild-type) Arabidopsis plants (Figure 25). Homozygous progeny 
from the top 3 lines (T3 seed) have up to a two-fold (100%) increase in total tocopherol levels 
over control Arabidopsis seed ( Figure 26.) 

Furthermore, increases of particular tocopherols are also increased in transgenic 
Arabidopsis plants expressing the ATPT2 nucleic acid sequence from the napin promoter. 

20 Levels of delta tocopherol in these lines are increased greater than 3 fold over the delta 

tocopherol levels obtained from the seeds of wild type Arabidopsis lines. Levels of gamma 
tocopherol in transgenic Arabidopsis lines expressing the ATPT2 nucleic acid sequence are 
increased as much as about 60% over the levels obtained in the seeds of non-transgenic control 
lines. Furthermore, levels of alpha tocopherol are increased as much as 3 fold over those 

25 obtained from non-transgenic control lines. 

Results of the HPLC analysis of seed extracts of transgenic Arabidopsis lines containing 
pCGN 1 0803 for the expression of ATPT2 from the enhanced 35S promoter (antisense 
orientation ) are provided in Figure 25. Two lines were identified that have reduced total 
tocopherols, up to a ten-fold decrease observed in T3 seed compared to control Arabidopsis 

30 (Figure 27.) 
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10 



5B. Canola 

Brassica napus v variety SP3002I, was transformed with pCGN 10822 (napin-ATPT2* 
napin 3\ sense orientation) using Agrobacierium ftanefaciem-medmicd transformation. Flowers 
of the R0 plants were tagged upon pollination and developing seed was collected at 35 and 45 
days after pollination (DAP). 

Developing seed was assayed for tocopherol levels, as described above for Arabidopsis. 
Line 10822-1 shows a 20% increase of total tocopherols, compared to the wild-type control, at 45 
DAP. Figure 28 shows total tocopherol levels measured in developing canola seed. 



Example 6: Sequences to Tocopherol Cyclase 
6 A. Preparation of the sir 173 7 Knockout 

The Synechocystis sp. 6803 slrl737 knockout was constructed by the following method. 
The GPS™-1 Genome Priming System (New England Biolabs) was used to insert, by a Tn7 

15 - Transposase system, a Kanamycin resistance cassette into sir 1737. A plasmid from a 

Synechocystis genomic library clone containing 652 base pairs of the targeted orf (Synechcocystis 
genome base pairs 1324051 - 1324703; the predicted orf base pairs 1323672- 1324763, as 
annotated by Cyanobase) was used as target DNA. The reaction was performed according to the 
manufacturers protocol. The reaction mixture was then transformed into & coli DH10B 

20 electrocompetant cells and plated. Colonies from this transformation were then screened for 
transposon insertions into the target sequence by amplifying with Ml 3 Forward and Reverse 
Universal primers, yielding a product of 652 base pairs plus -1700 base pairs, the size of the 
transposon kanamycin cassette, for a total fragment size of -2300 base pairs. After this 
determination, it was then necessary to determine the approximate location of the insertion 

2 5 within the targeted orf, as 1 00 base pairs of orf sequence was estimated as necessary for efficient 
homologous recombination in Synechocystis. This was accomplished through amplification 
reactions using either of the primers to the ends of the transposon, Primer S (5' end) or N (3' 
end), in combination with either a Ml 3 Forward or Reverse primer. That is, four different primer 
combinations were used to map each potential knockout construct: Primer S -M13 Forward, 

30 Primer S - Ml 3 Reverse, Primer N - M 1 3 Forward, Primer N - M 13 Reverse. The construct 
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used to transform fiynvchacyxtis and knockout sir 1 737 was determined to consist of a 
approximately 150 base pairs ofslr 1 737 sequence on the 5' side of the transposon insertion and 
approximately 500 base pairs on the 3* side, with the transcription 'of the orf and kanamycin 
cassette in the same direction. The nucleic acid sequence ofslrl737 is provided in SEQ ID 
5 NO:38 the deduced amino acid sequence is provided in SEQ ID NO:39. 

Cells of Synechocystis 6803 were grown to a density of - 2xl0 8 cells per ml and 
harvested by centrifugation. The cell pellet was re-suspended in fresh BG-1 1 medium at a 
density of lxl 0? cells per ml and used immediately for transformation. 100 ul of these cells were 
mixed with 5 ul of mini prep DNA and incubated with light at 30C for 4 hours. This mixture 

10 was then plated onto nylon filters resting on BG-1 1 agar supplemented with TES ph8 and 
allowed to grow for 12-1 8 hours. The filters were then transferred to BG-1 1 agar + TES + 
5ug/ml kanamycin and allowed to grow until colonies appeared within 7-10 days (Packer and 
Glazer, 1988). Colonies were then picked into BG-1 1 liquid media containing 5 ug/ml 
kanamycin and allowed to grow for 5 days. These cells were then transferred to Bg-1 1 media 

15 - cpntaining lOug/ml kanamycin and allowed to grow for 5 days and then transferred to Bg-1 1 + 
kanamycin at 25ug/ml and allowed to grow for 5 days. Cells were then harvested for PGR 
analysis to determine the presence of a disrupted ORF and also for HPLC analysis to determine if 
the disruption had any effect on tocopherol levels, 

PCR analysis of the Synechocystis isolates, using primers to the ends of the slrl 737 orf, 

20 showed complete segregation of the mutant genome, meaning no copies of the wild type genome 
could be detected in these strains. This suggests that function of the native gene is not essential 
for cell function. HPLC analysis of the strain carrying the knockout for sir] 73 7 produced no 
detectable levels of tocopherol. - 

25 6B. The relation of slrl737 and slrl736 

The slrl737 gene occurs in Synechocystis downstream and in the same orientation as 
slrl 736, the phytyl prenyltransferase. In bacteria this proximity often indicates an operon 
structure and therefore an expression pattern that is linked in all genes belonging to this operon. 
Occasionally such operons contain several genes that are required to constitute one enzyme. To 

30 confirm that slrl 737 is not required for phytyl prenyltransferase activity, phytyl prenyltransferase 
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was measured in extracts from the Synechocystis slrl 737 knockout mutant. Figure 29 shows that 
extracts from the Synechocystis slrl 737 knockout mutant still contain phytyl prcnyltranslcrasc 
activity. The molecular organization of genes in Synechocystis 6803 is shown in A. Figures B 
and C show HPLC traces (normal phase HPLC) of reaction products obtained with membrane 
5 preparations from Synechocystis wild type and slrl 737" membrane preparations, respectively. 

The fact that sir 1 737 is not required for the PPT activity provides additional data that 
ATPT2 and slrl 736 encode phytyl prenyltransferases. 

6C Synechocystis Knockouts 

10 Synechocystis 6803 wild type and Synechocystis slrl 737 knockout mutant were grown 

photoautotrophically. Cells from a 20 ml culture of the late logarithmic growth phase were 
harvested and extracted with ethanol. Extracts were separated by isocratic normal-phase HPLC 
using a Hexane/Methyl-t-butyl ether (95/5) and a Zorbax silica column, 4.6 x 250 mm. 
Tocopherols and tocopherol intermediates were detected by fluorescence (excitement 290 nm, 

15 - emission 336 nm) (Figure 30). 

Extracts of Synechocystis 6803 contained a clear signal of alpha-tocopherol. 2,3- 
DimethyI-5-phytyIplastoquinol was below the limit of detection in extracts from the 
Synechocystis wild type (C). In contrast, extracts from the Synechocystis slrl737 knockout 
mutant did not contain alpha-tocopherol, but contained 2,3-dimethyl-5-phytyIplastoquinol (D), 

20 indicating that the interruption of slrl737 has resulted in a block of the 2,3-dimethyl-5- 
phytylplastoquinol cyclase reaction. 

Chromatograms of standard compounds alpha, beta, gamma, delta-tocopherol and 2,3- 
dimethyl-5-phytylplastoquinol are shown in A and B. Chromatograms of extracts form 
Synechocystis wild type and the Synechocystis slrl 737 knockout mutant are shown in C and D, 

2 5 respectively. Abbreviations: 2,3-DMPQ, 2,3-dimethyl-5-phytylplastoquinol. 

6D. Incubation with Lysozyme treated Synechocystis 

Synechocystis 6803 wild type and slrl 737 knockout mutant cells from the late logarithmic 
growth phase (approximately Ig wet cells per experiment in a total volume of 3 ml) were treated 
30 with Lysozyme and subsequently incubated with S-adenosyl methionine, and 
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phyty I pyrophosphate, plus radiolabeled homogentisic acid. Afler 17h incubation in the dark at 
room temperature the samples were extracted with 6 ml chloroform / methanol (1/2 v/v). Phase 
separation was obtained by the addition of 6 ml 0.9% NaCl solution. This procedure was 
repeated three limes. Under these conditions 2,3-dimethyl-5~phytyIplastoquinol is oxidized to 
5 form 2,3«dimethyl-5-phytylplastoquinone. 

The extracts were analyzed by normal phase and reverse phase HPLC. Using extracts 
from wild type Synechocystis cells radiolabeled gamma-tocopherol and traces of radiolabeled 
2,3-dimethyI-5-phytylplastoquinone were detected. When extracts from the slrl737 knockout 
mutant were analyzed, only radiolabelled 2,3-dimethyl-5-phytylplastoquinone was detectable. 

10 The amount of 2,3-dimethyl-5-phytylplastoquinone was significantly increased compared to wild 
type extracts. Heat treated samples of the wild type and the sir 1 737 knockout mutant did not 
produce radiolabelled 2,3-dimethyl-5-phytyIpIastoquinone, nor radiolabelled tocopherols. These 
results further support the role of the slrl 737 expression product in the cyclization of 2,3- 
dimethyl-5-phytylplastoquinol. 

15 - : . 

6E. ^ratorfopm Homologue to slrl 737 

An Arabidopsis homologue to slrl 737 was identified from a BLAST ALL search using 
Synechocystis sp 6803 gene slrl 737 as the query, in both public and proprietary databases. SEQ 
ID NO: 109 and SEQ ID NO:l 10 are the DNA and translated amino acid sequences, respectively, 
20 of the Arabidopsis homologue to sir 1 737. The start if found at the ATG at base 56 in SEQ ID 
NO:109. 

The sequences obtained for the homologue from the proprietary database differs from the 
public database (F4D1 1 .30, BAC AL022537), in having a start site 471 base pairs upstream of 
the start identified in the public sequence. A comparison of the public and proprietary sequences 
25 is provided in Figure 3 1 . The correct start correlates within the public database sequence is ait 
12080, while the public sequence start is given as being at 1 1609. 

Attempts to amplify a slrl 737 homologue were unsuccessful using primers designed from 
the public database, while amplification of the gene was accomplished with primers obtained 
from SEQ ID NO: 109. 
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Analysis of the protein sequence to identify transit peptide sequence predicted two 
potential cleavage sites, one between amino acids 48 and 49, and the other between amino acids 
98 and 99. 

5 6F. slrl 737 Protein Information 

The sir 1737 orf comprises 363 amino acid residues and has a predicted MW of 41kDa 
(SEQ ID NO: 39). Hydropathic analysis indicates the protein is hydrophillic (Figure 32). 

The Arabidopsis homologue to slrl 737 (SEQ ID xx) comprises 488 amino acid residues, 
has a predicted MW of 55kDa, and a has a putative transit peptide sequence comprising the first 

10 98 amino acids. The predicted MW of the mature form of the Arabidopsis homologue is 44kDa. 
The hydropathic plot for the Arabidopsis homologue also reveals that it is hydrophillic (Figure 
33). Further blast analysis of the Arabidopsis hortiologue reveals limited sequence identity (25 % 
sequence identity) with the beta-subunit of respiratory nitrate reductase. Based on the sequence 
identity to nitrate reductase, it suggests the slrl 737 orf is an enzyme that likely involves general 

15 - acid catalysis mechanism. 

Investigation of known enzymes involved in tocopherol metabolism indicated that the 
best candidate corresponding to the general acid mechanism is the tocopherol cyclase. There are 
many known examples of cyclases including, tocopherol cyclase, chalcone isomerase, Iycopene 
cyclase, and aristolochene synthase. By further examination of the microscopic catalytic 

20 mechanism of phytoplastoquinol cyclization, as an example, chalcone isomerase has a catalytic 
mechanism most similar to tocopherol cyclase. (Figure 34). 

Multiple sequence alignment was performed between slrl 737, slrl 737 Arabidopsis 
homologue and the Arabidopsis chalcone isomerase (Genbank:P41088) (Figure 35). 65% of the 
conserved residues among the three enzymes are strictly conserved within the known chalcone 

25 isomerascs. The crystal structure of alfalfa chalcone isomerase has been solved (Jez, Joseph M, 
Bowman, Marianne E., Dixon, Richard A., and Noel, Joseph P. (2000) "Structure and 
mechanism of the evolutionarily unique plant enzyme chalcone isomerase". Nature Structural 
Biology!: 786-791.) It has been demonstrated tyrosine (Y) 106 of the alfalfa chalcone 
isomerase serves as the general acid during cyclization reaction (Genbank: P28012). The 
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equivalent residue in sir 1 737 and the slrl 737 Arahuhpsis homolog is lysine (K), which is an 
excellent catalytic residue as general acid. 

, The inlbrmalion available from partial purification oftocopherol cyclase from Chlorella 
praiothecoides (U.S. Patent No. 5,432,069), Ac, described as being glycine rich, water soluble 
5 and with a predicted MW oF48-50kDa, is consistent with the protein informatics information 
obtained for the slrI737 and the Arabidopsis slrl 737 homologue. 

AH publications and patent applications mentioned in this specification are indicative of 
the level of skill of those skilled in the art to which this invention pertains. All publications and 
10 patent applications are herein incorporated by reference to the same extent as if each individual 
publication or patent application was specifically and individually indicated to be incorporated by 
reference. 

Although the foregoing invention has been described in some detail by way of illustration 
and example for purposes of clarity of understanding, it will be obvious that certain changes and 
15 * modifications may be practiced within the scope of the appended claim. 
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CLAIMS 

What is claimed is: 

I. An isolated nucleic acid sequence encoding a prenyltransferase. 

5 2. An isolated nucleic acid sequence according to Claim 1 , wherein said prenyltransferase is 

selected from the group consisting of straight chain prenyltransferase and aromatic prenyltransferase. 

3. An isolated DNA sequence according to Claim 1, wherein said nucleic acid sequence is. 
isolated from a eukaryotic cell source. 

*4, An isolated DNA sequence according to Claim 3, wherein said eukaryotic cell source is 
10 selected from the group consisting of mammalian, nematode, fungal, and plant cells. 

5. The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from 
Arabidopsis. 

6. The DNA encoding sequence of Claim 5 wherein said prenyltransferase protein is encoded by 
a sequence selected from the group consisting of SEQ ID NO:l, SEQ TD NO:3, SEQ ID NO:5, SEQ ID 

15 - NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ ID NO: 14, 
SEQ ID NO: 1 5, and SEQ ID NO: 1 6. 

7. The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from 
soybean. 

8. The DNA encoding sequence of Claim 7 wherein said prenyltransferase protein is encoded by 
20 a sequence comprising a nucleotide sequence selected from the group consisting of SEQ ID NO: 1 9, SEQ 

ID NO:20, SEQ ID NO:21, SEQ ID NO:22, and SEQ ID NO:23. 

9. The DNA encoding sequence of Claim 7 wherein said prenyltransferase protein is encoded by 
a sequence selected from the group consisting of SEQ ID NO:95, and SEQ ID NO:96. 

10. The DNA encoding sequence of Claim 7 wherein said prenyltransferase protein has an 
2 5 amino acid sequence selected from the group consisting of SEQ ID NO:97, and SEQ ID NO:98. 

I I . The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from corn. 
12. The DNA encoding sequence of Claim 1 1 wherein said prenyltransferase protein is encoded 

by a sequence comprising a nucleotide sequence selected from the group consisting of SEQ ID NO:25, 
SEQ ID NO:26, SEQ IDNO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ IDNO:31, SEQ ID NO: 104, 
30 SEQ ID NO: 105, and SEQ ID NO: 106. 
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13. The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from rice. 

14. The DNA encoding sequence of Claim 13 wherein said prenyllransferase protein is encoded 
by a sequence comprising SEQ ID NO:99. 

15. The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from 

wheat. 

16. The DNA encoding sequence of Claim 15 wherein said prenyltransferase protein is encoded 
by a sequence comprising SEQ ID NO: 1 00. 

17. The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from leek. 

18. The DNA encoding sequence of Claim 17 wherein said prenyltransferase protein is encoded 
by a sequence comprising a nucleotide sequence selected from the group consisting of SEQ ID NO:101, 
andSEQIDNO:102. 

19. The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from 

canola. 

20. The DNA encoding sequence of Claim 19 wherein said prenyltransferase protein is encoded 
- hy.a sequence comprising SEQ ID NO: 103. 

21 . The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from 

cotton. 

22. The DNA encoding sequence of Claim 21 wherein said prenyltransferase protein is encoded 
by a sequence comprising SEQ ID NO: 107* 

23. The DNA encoding sequence of Claim 4 wherein said prenyltransferase protein is from 
tomato. 

24. The DNA encoding sequence of Claim 23 wherein said prenyltransferase protein is encoded 
by a sequence comprising SEQ ID NO: 108. 

25. An isolated DNA sequence according to Claim 4, wherein said prokaryotic source is a 
Synechocystis sp. 

26. A nucleic acid construct comprising as operably linked components, a transcriptional 
initiation region functional in a host cell, a nucleic acid sequence encoding a prenyltransferase, and a 
transcriptional termination region. 
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27. A nucleic acid construct according to Claim 26, wherein said nucleic acid sequence encoding 
prcnyltransfcrasc is obtained from an organism selected from the group consisting of a eukaryotic 
organism and a prokaryotic organism. 

28. A nucleic acid construct according to Claim 27, wherein said nucleic acid sequence encoding 
prenyltransfcrase is obtained from a plant source. 

29. A nucleic acid construct according to Claim 28, wherein said nucleic acid sequence encoding 
prenyltransferase is obtained from a source selected from the group consisting of Arabidopsis, soybean, 
corn, rice, wheat, leek canola, , leek, cotton, and tomato. 

30. A nucleic acid construct according to Claim 26, wherein said nucleic acid sequence encoding 
prenyltransferase is obtained from a Synechocystis sp. 

31. A plant cell comprising the construct of 26. 

32. A plant comprising a cell of Claim 31. 

t 33 A feed composition produced from a plant according to Claim 32. 
34. A seed comprising a cell of Claim 31. 
35 Oil obtained from a seed of Claim 34. 

36. A natural tocopherol rich refined and deodorised oil which has been produced by a 
method of treating an oil according to Claim 35 by distilling under low pressure and high 
temperature, wherein said refined oil has reduced free fatty acids and a substantial percentage of 
tocopherol present in the pretreated oil. 

37. A refined oil according to claim 36, wherein the pretreated oil is crude or pre-treated 
soybean oil. 

38. A refined oil according to claim 36, wherein the refined oil is degummed and 
bleached. 

40. A method for the alteration of the isoprenoid content in a host cell, said method comprising; 
Iransforming said host cell with a construct comprising as operably linked components, a transcriptional 
initiation region functional in a host cell, a nucleic acid sequence encoding prenyltransferase, and a*, 
transcriptional termination region, 

wherein said isoprenoid compound selected from the group of tocopherols and tocotrienols . 

41 . The method according to Claim 40, wherein said host cell is selected from the group 
consisting of a prokaryotic cell and a eukaryotic cell. 
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42. The method according to Claim 41 , wherein said prokaryotic cell is a Synechocystis sp. 

43. The method according to Claim 4 1 , wherein said eukaryotic cell is a plant cell. 

44. The method according to Claim 43, wherein said plant cell is obtained from a plant selected 
from the group consisting of Arabicfop.m, soybean, com, rice, wheal, leek canola, , leek, cotton, and 

5 tomato. 

45. A method for producing an isoprcnoid compound of interest in a host cell, said method 
comprising obtaining a transformed host cell, said host cell having and expressing in its genome: 

a construct having a DNA sequence encoding a prenyltransferase operably linked to a 
transcriptional initiation region functional in a host cell, 
10 wherein said prenyl transferase is involved in the synthesis of tocopherols, 

and wherein said isoprenoid compound selected from the group of tocopherols and tocotrienols. 

46. The method according to Claim 45, wherein said host cell is selected from the group 
consisting of a prokaryotic cell and a eukaryotic cell. 

47. The method according to Claim 46, wherein said prokaryotic cell is a Synechocystis sp. 
15 , . 48. The method according to Claim 46, wherein said eukaryotic cell is a plant cell. 

49. The method according to Claim 48, wherein said plant cell is obtained from a plant selected 
from the group consisting wherein said compound selected from the group oFArabidopsis, soybean, 
corn, rice, wheat, leek canola, , leek, cotton, and tomato. 

50. A method for increasing the biosynthetic flux in a host cell toward production of an 
20 isoprenoid compound, said method comprising; 

transfonning said host cell with a construct comprising as operably linked components, a 
transcriptional initiation region functional in a host cell, a DNA encoding a prenyltransferase, 
and a transcriptional termination region, 

wherein said isoprenoid compound selected from the group of tocopherols and 

25 tocotrienols,. 

51. The method according to Claim 50, wherein said host cell is selected from the group 
consisting of a prokaryotic cell and a eukaryotic cell. 

52. The method according to Claim 5 1 , wherein said prokaryotic cell is a Synechocystis sp. 

53. The method according to Claim 51, wherein said eukaryotic cell is a plant cell. 
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54. The method according to Claim 50, wherein said plant cell is obtained from a plant selected 
from the group consisting ArahicfopsLw soybean, com, rice, wheat leck canola. , leek, cotton, and 
tomato. 

55. The method according to Claim 50, wherein said transcriptional initiation region is a seed- 
specific promoter. 
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Query Sequence: F4D11 AL022537 

Database: PIR T04448 . atcea . list . f asta 

Database: PIRT04448 
Plus {+) denotes forward strand, and minus (-) reverse strand. 
Asterisks (M denote bases not shown on pair wise alignmnts. 

Alignment 1 



Query- 12194 CACACGTTCTCGTCCTTTTCTTCTTCCTCTCTGCATTCTTCACAGAGTTTGTCACCACCA 
genomic ' 

ATCEA4C371+ I C est 

MET . . : : _j ; : • • : ♦ :first 

Query- 12134 SiG^^M^^S^^^^®ffi®^^^SMA^A 
llllllllltHlllllllllllllllllliUllllltlllllllllllllllllilll 
ATCEA4C371+ 2 ACCCCAMCATCACAAnTCACATTCTnTGCATATTTCTTCTTCTTCTTCCATTATGGA 



Query- 12075 GATACGGAGCTTGATTGTTTCTATGAACCCTAATTTATCTTCCnTGAGCTCTCTCGCCC 

IIIIIIIIIIIIIIIIIMIIIIIIIIIIIMII1IIIIIIIIIIIIIIIMIIIMIII 
ATCEA4C371+ 62 GATACGGAGCTTGATTGTTTCTATGAACCCTAATTTATCTTCCTTTGAGCTCTCTCGCCC 



Query- 12015 TGTATCTCCTCTCACTCGCTCACTAGTTCCGTTCCGATCGACTAAACTAGTTCCCCGCTC 

llllllllllllllllllllllltllllllllllllllllllllllllllllllllllll 
ATCEA4C371+ 122 TGTATCTCCTCTCACTCGCTCACTAGTTCCGTTCCGATCGACTAAACTAGTTCCCCGCTC 



Query- 11955 CATTTCTAGGGTTTCG^^ATCTCCACCCCGAATAGTGAAACTGACAAGATCTCCGT 

iiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinii 

ATCEA4C37 1 + 182 CATTTCTAGGGTTTCGGCGTCGATCTCCACCCCGAATAGTGAAACTGACAAGATCTCCGT 



Query- 11895 TAAACCTGTTTACGTCCCGACGTCTCCCAATCGCGAACTCCGGACTp^^^^GTA 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll — . 
ATCEA4C371+ 242 TAMCCTGTTTACGTCCCGACGTCTCCCAATCGCGAACTCCGGACTgg^A^ 

Synecho seq aligns from 

here 



Query- 11835 AATOATCCAnCCATTCCATTTCTCTOTCTTGTTTGTTTTATTAAGCTCCAATTTCAG 

ATCEA4C37H 299 
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SUBSTITUTE SHEET (RULE 26) 



WO 02/33060 



PCT/US01/42673 



38/48 

— 60 bp removed 

Query- 11715 •*»*» k ** , * k| *********»***'**'***» , »***>***»*******»*»**"m , G 

ATCEA4C37H 299 
PIR:T04448 1 

Query- 11655 GTGGCTCACCATTCGACGACTACTTTTGMTTTGAGTTTTTGAAAAATGCAATTTAACAT 

ATCEA4C37H 299 

PIR:T04448 1 M Q F N I 

arab sequence which is incorrect 



Query- • 11595 CAGAGAGTTTTTTTTTTTATGGTTGATAACTTATTGTTTAACTTTTGAAAAATGCAGSB 
. HI 

MCEMC37U 299 



PIR:T04448 6REFFFLWIIT¥CLTFEKC'RY 



Query- 11535 CCATTTCGATGGAACACCTCGGAAGTTCTTCGAGGGATGGTATTTCAGGGTTTCCATCCC 

iiiiiiiiiiiiiiiiHiiiiiiiimiiHiiriiniiiiii iiim imiiii 

ATCEA4C37U 302 CCAnTCGATGGAACACCTCGGAAGTTCTTCGAGGGATGGTATTTCffiB^BTCCATCCC 
PIR:T04448 26HFDGTPRKFFEGHYF BU S I P 



Query- 11475 AGAGAAGAGGGAGAGTTTTTGTTTTATGTATTCTGTGGAGAATCCTGCATTTCGGCAGAG 

llllllllltllllllllllllllllllllllllllllHIItllllllllllHIIIII 
ATCEA4C371+ 362 AGAGAAGAGGGAGAGTTTTTGTTTTATGTATTCTGTGGAGAATCCTGCATTTCGGCAGAG 

PIR:T04448 46EKRESFCFMYSVENPAFRQS 



Query- 11415 TTTGTCACCATTGGAAGTGGCTCTATATGGACCTAGATTCACTGGTGTTGGAGCTCAGAT 

llllitlltlllllllllllllllllllllltllllllllllllllllllllllllllll 
ATCEA4C37 1+ 4 22 TTTGTCACCATTGGAAGTGGCTCTATATGGACCTAGATTCACTGGTGTTGGAGCTCAGAT 

PiR:T04448 66 LSPLEVALVGPRFTGVGAQI 
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Query- 11355 TCTTGGC6CTAATGATAAATATTTATGCCAATACGAACAAGACTCTCACAATTTCTGGGG 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH. 

ATCEA4C371+ 482 TCTTGGCGCTAATGATAAATATTTATGCCAATACGAACAAGACTCTCACAATTTC ' 

PIR:T04448 86 L G A N 0 k"y"l"c"o"y"e"q" D S H* n' f' w' G* 
ATCEA4C37U Exon 11538 11301 Confidence: 100 100 



Query- 1 1 295 AGGTAACTCCTTGACCCTTAAMTGCTGTGTCATGACAATAAGAMTCATATCTGAG1CT 
ATCEA4C371+ 537 • 

PIR:T04448 106 0 

PIR:T04448 Exon 11609 11294 Confidence: 100 100 

Query- 11235 TTTCTCTACTTCTAGTACTAATGnCGTTATTGTTGTTAA^GATCTAAGTCTTATCTGAA 
PIR:T04448 107 

Query- 11175 TnTGnACATTnGOTCTGGTGCTTTCTCAACATGMOTGTATATATCACTTTAAAG 
PIR:T04448 107 



Query- 11115 ATTGCTTACCTAMGTTTTTACTCATGCATAGATCGACATGAGCTAGTTTTGGGGAATAC 

PIR:T04448 107 "r"h' ; e"l* "v"l"g"n"t' 

Query- 11055 nnAGTGCTGTGCCAGGCGCAMGGCrcCAAACAAGGAGGTTCCACCAGAGGTTCICAC 

:::::::::::::::::::::::::::::::::::::::::::::::::::: 

PIR:T04448 116 F S A V P G A K A P N K E~ V P P E 
PIR:T04448 Exon 11083 11004 Confidence: 96 100 

Query- 10995 TCCTCCCTTGTTGGTTACTTTGTTATCTGTTAMTAGTTnCCAATTGTATCCGGATAGT 

PIR:T04448 133 

Query- 10935 GTCTACTTCTCOTGTAGAAMTCTCAAGTTTTTGTO 

PIR:T04448. 133 " 

FIG. 31 (CONT-2) 



SUBSTITUTE SHEET (RULE 26) 



WO 02/33060 PCT/US01/42673 

40/48 

Query- L0875 TTGATTTGTAMGCATGTCGTTTTATTGTAGGAATTTAACAGAAGAGTGTCCGAAGGGTT 

PIR:T04448 133 EFNRRVSEGF 

Query- 10815 CCAAGCTACTCCATTTTGGCATCAAGGTCACATTTGCGATGATGGCCGGTAATTATATGA 

PIR:T04448 143 Q A T P F W H Q G H I C D D G R 

PIR:T04448 Exon 10844 10768 Confidence: 100 100 

Query- 10755 TTCTATGCACAACAAGAATTCACTATATTATAAATATTGGATATTGAGTATTTTTGTTGA 

PIR:T04448 159 

Query- 10695 AAATTTCTGTGTTTAAATCTGACnGA^ 

PIR:T04448 159 T D Y A E T V 

Query- 10635 TG AAATCTGCTCGTTGGG AGT AT AGT ACTCGTCCCGTTT ACGGTTGGGGTGATGTTGGGG 

PIR:T04448 166 K S A R WEYSTRPVYGWGDVGA 

Query- 10575 CCAAACAGAAGTCAACT&ACXTI^ 

PIR-.T04448 186 KQKSTAGWPAAFPVFEPHWQ 

Query- 10515 AGATATGCATGGCAGGAGGCCTTTCCACAGGTGTGAGCTTTGCTTGATTGACTTAAAGTT 

PIR:T04448 206 ICM*AGGLSTG 

PIR:T04448 Exon 10655 10486 Confidence: 96 100 

Query- 10455 AATAAATAGACGGTTAAGTTTACTTGCCTAGTACTAACAGAAAATTAAGAAAGAAACCAC 

PIR:T04448 216 

FIG. 31 (CONT-3) 
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Query- 10395 cCTCmCTATCAGCAGAMCTO^ • 

PIR-.T04448 216 

Query- 10335 GTGGATAGAATGGGGCGGTGAMGGTTTGAGTTC 

PIR:T04448 216 w"i"'E"«"c- G* E RFEFRDAPSYSEK 

Query- 10275 GMTTGGGGTOGAGQCtTCCCAMi^ 

PIR-.T04448 236 ft W G G G F P R K W J W 

PIR:T04448 Exon 10336 10239 Confidence: 96 100 

: . ! • : • • 

Query- 10215 ACATTTCTTGTTGCAGACTTTAGTTAGCTAGTGGACCTGTGTATACACCCACATATAGTA ' 

PIR:T04448 248 • 

Query- 10155 TACTOTTTGATAGCTTTATTTGTCMTGTCT^ 

PIR:T04448 248 " V ' Q "c"il"y" "f"e 

Query- 10095 AGGG(£MCTGGAGAAGTTGCTnAACCGCAGGTGGCGGG^ 

PIR:T04448 255 "g"a"t"g"e VaT T A G G G i R Q L P G L 

Query- 10035 GACTGAGACCTATGAAMTGCTGCACTGGTATGCACTTATAAGATCTTCTTAAGCAATGA 

PIR:T04448 275 T E T Y E N A A L 

PIR:T04448 Exon 10115 10008 Confidence: 100 100 

Query- 9975 CAGTGAGTAnAGAAGGCAGATAGTOACAAMGCTCrGGGCCCTOTAAATCTGCAGCT 

PIR:T04448 284 V 

Query- 9915 TTGTGTACACTATGATGGAAAAATGTACGAGTTTGTTCCTTGGAATGGTGTTGTTAGATG 

P1R-.T04448 285 *c" 'v"h"y' "o 'g' Y 'h T *e" 7 7 7 * J J_ * ^ 

GSDB:S:495- 532 ta 9 at 9 



FIG. 31 (CONT-4) 
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Query- 

PIR:T04448 

GSDB:S:495- 

PIR:T04448 

GSDB:S:495- 

Query- 

PIR:T04448- 

GSD8:S:495- 

Quecy- 

PIR:T04448 

GSDB:S:495- 

Query- 

PIR.-T04448 

GSDB:S:495- 

Query- 

PIR:T04448 

GSDB:S:495- 

Query- 

PIR.-T04448 

GSDB:S:495- 

PIR:T04448 

GSDB:S:495- 



9855 GGAAATGTCTCCCTGGGG TTATTGGTATATAAciGCAGAGAACGAAAACCATGTGGTAA 

305 EMSPWG YW Y I T A *E* N E |j jj v 
IIIMI-llltlllllll-lllllllllllllllllllllii || lliiiinii— - 

bZ6 ggaaat tctccctgggggttattggtatataactgcagagaNcgNaaaccatgtq 
Exon 9917 9801 Confidence: 100 100 
Exon 9961 9801 Confidence: 93 93 

9796 ATTTGTnTACTAGTHCATTCAGTTTTACTffi ' 

323 " 

471 """" 

9736 GATTCCMCACCCGATGMTGTCTTGTGACAGGTKAACTAGAGG^AAGAACAAATGAAG 
... <• ' - - ' '' ' ::::::::::::::::: :: 

i2i VELEARTNEA 

... lllllillllllll IIHIMIMIII 

qn ' gtggaactagaggcNagaacaaatgaag 

9676 CGGGTACACCTCTKGTGCTCCTACCACAGAAGTTQX& • 

:::::::::::::::::::::::::::::::::::::::: 
333 GTPLRAPTTEVGLATACRDS 
IIIIIIIIIIMIIIIIIIIIIIIIIIllllllllllllllllllHIIIIIIIIIIIII 
443 cgggtacacctctgcgtgctcctaccacagaagttgggctagctacggcttgcagagata 

9616 GTTOTACGGT(MTTGMGTTCCAGATATGGGAACGGCTATATGA^^ 

353 CYGELKLQ "l w''e''r''l"y''d''g''s 'k'g'k 
immillllllllllllllllllllllllllllllllllllllllllllllllllll 
m gttgttacggtgaattgaagttgcagatatgggaacggctatatgatggaagtaaaggca 

9556 AGGTATCTATOTAATGTGATCCAATCCCTGTAGTTAAAAGTCTTAACAWTCCT 

373 ,|-_..___ 1 k"v"l"t"h"p-'k"'a' 

323 ag • 

Exon 9704 9555 Confidence: 100 100 
Exon 9704 9555 Confidence: 98 100 

FIG. 31 (CONT-5) 
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Query- 

PIR:T04448- 

GSDB:S:495- 

Query- 

PIR:T04448 

GSDB:S:495- 

Query- 

PIR:T04448 

GSDB:S:495- 

Query- 
(stop) 

PIR:T04448 

GSDB:S:495- 
PIR:T04448 

Query- 

PIR:T04448 

GSDB:S:495- 

Query- 
GSDB:*S:495- 

Query- 

GSDB:S:495- 
GSDB:S:495- 
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9496 AGTGAAAGAAGATTATGAACGTTTGTTATGGTTAACAATGATGCAGGTGATATTAGAGAC 



382 VKEDYERLLWLT'MMQVIIiET 

"—Illlllllllllll 

321 gtgatattagagac 



9436 AAAGAGCTCAATGGCAGCAGTGGAGATAGGAGGAGGACCGTGGTTTGGGACATGGAMGG 
402 K S S M A V V E I G G G P W F G T # W* k'Y 

iiiiiiiiiiiiiiii iiimimiiimiimmmmiimiiiiiin 

307 aaagagctcaatggcaNcagtggagataggaggaggaccgtggtttgggacatggaaagg 



9376 AGATACGAGCAACACGCCCGAGCTACTAAAACAGGCTCTTCAGGTCCCAfrGGATCTTGA 

422 DTSNTPELLKQALQVPLDLE 
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
247 agatacgagcaacacgcccgagctactaaaacaggctcttcaggtcccattggatcttga 



9316 AAGCGCCTTAGGTTTGGTCCCTTTCTTCAAGCCACCGGGTCTGTA^^^Pi^ 



442 SALGLVPFFKPPGI 

IIIMIIIIIlllllllllllllllllllllllllllllllllllllllllllllllll! 
187 aagcgccttaggtttggtccctttcttcaagccaccgggtctgtaacattgatgagtgtt 

Exon 9522 '■ 9274 Confidence: 100 100 



9256 mfMSl»-«llM(!gil^g«M 

456 . 4 

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
127 ttgtttgttgatagagacccatgtgatgaatgaagccttagtcatgtcattgctagcttc 



9196 ACTATTATGTATGTATGATTTTAGTTCGTTCGGTCCTTGTGGTAAATGATACGGGCCAGT 

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
67 actattatgtatgtatgattttagttcgttcggfcccttgtggtaaatgatacgggccagt 



9136 GTAAAGTCTAGTTCAATAAAAGCCTTGAGTCGCATAATTTCAATTTCAAATTGCATC 

Illilll - 

7 gtaaagt 

Exon 9450 9130 Confidence: 98 100 
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ATCEA4C37145_1 3063693/eaib|CAA18584.1| 4.0e-43 (AL022537) putative protein 
[ Arabidops is~t haliana ] 

PIR:T04448 sPIR-T04448 shypothetical protein F4D11.30 - Arabidopsis thaliana; 
<j3063693|emb|CAAl8584.1 (AL022537) putative protein tArabidopsis thaliana)_F4D11.30 

GSDB:S:4955486|AI995392|AI995392|701673779 A. thaliana, Columbia Col-0, 
inflorescence-1 Arabidopsis thaliana cDM clone 701673779, mRNA sequence. 
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slrl737_SYNSP S74814 

slrl737_ARATH~T04448~ 

CFI_ARATH_P41088_ 

slrl737_SYNSP S74814_ 

slrl737_ARATH~T04448 

CFI_ARATH_P41088_ 

slrl737 SYNSP S74814_ 
slrl737~ARATHJ04448_ 
CFI_ARATH_P41088_ . 

slrl737_SYNSP_S74814_ 
Slrl737_ARATH_T04448_ 
CFI_ARATH_P41088_ 

slrl737_SYNSP S74814 

slrl737_ARATH~T04448~ 

CFI_ARATH_P41088_ 

slrl737_SYNSP_S74814 
slrl737_ARATH_T04448 
CFI_ARATH_P41088_ 

slrl737_SYNSP S74814 

slrl737_ARATHJ04448" 

CFI_ARATH_P41088_ 

slrl737_SYNSP_S74814 
slrl737_ARATH T04448 
CFI_ARATH_P41088_ 

slrl737 SYNSP S74814 
slrl737~ARATH~T04448" 
CFI_APATH_P41088_ 

slrl737_SYNSP_S74814 
slrl737 ARATH T04448 
CFI_ARATH P41088_ 
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-— — — M 

MEIRSLIVSMNPNLSSFELSRPVSPLTRSLVPFRSTKLVPRSISRVSASI 

. ' — - — t 

KFP PHSGYHWQGQSvt-PFFEGWYVRLL 

STPNSETDKISVKPVYVPTSPNRELRTPHSGYHFDGTPRKPFEGWYFRVS 



LPQSGESFAFMYSIENPASDHHYGGGAVQILGPATK- — KQENQEDQLV 
IPEKRESFCFMYSVENPAFRQSLSPLEVALYGPRFTGVGAQILGANDKYL 
MSSSNACASPSPFPA VTKLHVDSV- 

WRTFPSVKKFWASPRQFALG-HWGKCRDNRQ-AKPLLSEEFFATVKEGYQ 
CQYEQDSHNFWGDRHELVLGNTFSAVPGAKAPNKEVPPEEFNRRVSEGFQ 
— TFVPSVKSPASSNPLFLG-GAGVRGLDIQ-GK FVIFTVIGVY 

IHQNQHQGQIIHGDR HCRWQFTVEPEVTWGSPNRFPRATAGW 

ATPFWHQGHICDDGRTDYAETVKSARWEYSTRPVYGWGDVGAKQKSTAGW 
LEGNAVPSLSV KWKGKTTEELTESIPFFREIVTGAF 

LSFLPLFDPGWQILLAQGRAHGWLKWQREQYEFDHALVYAEKNWGHSFPS 
PAAFPVFEPHWQICMAGGLSTGWIEWGGERFEFRDAPSYSEKNWGGGFPR 
EKFIKVT M KLPLTGQQYSEKVTENC 

RWFWLQANYFPDHPG-LSVTAAGGERIVLGRPE — EVALIGLHHQGNFY 
KWFWVQCNVFEGATGEVALTAGGGLRQLPGLTETYENAALVCVHYDGKMY 
VAIWKQLGLYTDCEA-KAV-- — BKFLEIFKE — ET 

EFGPGHGTVTWQVAPWGRWQLKASMDRYWVKLSGKTDKKGSLVHTP-TAQ 
EFVPWNGWRWEMSPWGYWYITAENENHWELEARTNEAGTPLRAPTTEV 
-FPPG-SSILFALSPTGSLTVAFSKDDS-IPETGIAVIENKLLAEA-VLB 

GLQLNCRDTTRGYLYLQLGSVGHG-- — LIVQGETDTAGLEVGG 

GLATACRDSCYGELKLQIWERLYDGSKGSVILETKSSHAAVEIGGGPWFG 
— SIIGKNGVSPGTRLSVAERLSQ LMMKNKDEKEVSDHSL 

- — DWGLTEENLSKKT — VPF 

TWKGDTSNTPELLKQALQVPLDLESALGLVPFFKPPGL 
EEKLAKEN ' : 
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SEQUENCE LISTING 

<110> Lassner, Michael 

Post-Beittenmiller, Martha 
Savidge, Beth 
Weiss, James 

<120> Nucleic Acid Sequences Involved in 
Tocopherol Synthesis 

<130> 17133/00/WO 

<150> 60/129,899 
<151> 1999-04-15 

<150> 60/146,461 
<151> 1999-07-30 

<150> PCT/US00/10368 
<151> 2000-04-14 

<160> 94 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 1182 
<212> DNA 

<213> Arabidopsis sp 
<400> 1 

atggagtctc tgctctctag ttcttctctt gttfcccgctg ctggtgggtt 
60 

aagcagaatc taaagctcca ctctttatca gaaatccgag ttctgcgttg 
120 

aaagttgtcg caaaaccgaa gtttaggaac aatcttgtta ggcctgatgg 
180 

tcattgttgt tgtatccaaa acataagtcg agatttcggg ttaatgccac 
240 

cctgaggctt tcgactcgaa tagcaaacag aagtctttta gagactcgtt 
300 

tacaggtttt ctaggcctca tacagttatt ggcacagtgc ttagcatttt 
360 

ttcttagcag tagagaaggt ttctgatata tctcctttac ttttcactgg 
420 

gcfcgttgttg cagctctcat gatgaacatt tacatagttg ggctaaatca 
480 

gttgaaatag ataaggttaa caagccctat cttccattgg catcaggaga 
540 

aacaccggca ttgcaatagt agcttccttc tccatcatga gtttctggct 
600 

gttggttcafc ggccattgtt ctgggctctt tttgtgagtt tcatgctcgg 
660 

tctatcaatt tgccacttfct acggtggaaa agatttgcat tggttgcagc 
720 

ctcgctgtcc gagctatfcat tgttcaaatc gccttttatc tacatattca 
780 

tttggaagac caatcttgtt cactaggcct cttattttcg ccactgcgtt 
840 

ttctctgtcg ttattgcatt gtttaaggat atacctgata tcgaagggga 



ttgttggaag 
tgattcgagt 
tcaaggatct 
tgcgggtcag 
agatgcgttt 
atctgtatct 
catcttggag 
gttgtctgat 
afcattctgtt 
tgggtggatt 
fcactgcatac 
aatgtgtatc 
gacacatgtg 
tatgagcttt 
taagatattc 
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900 

ggaatccgat cattctctgt aactctgggt cagaaacggg tgttttggac atgtgttaca 
960 

ctacttcaaa tggcttacgc tgttgcaatt ctagtfcggag ccacatctcc attcatatgg 
1020 

agcaaagtca tctcggttgt gggtcatgtt atactcgcaa caactttgtg ggctcgagct 
1080 

aagtccgbtg atctgagbag caaaaccgaa ataacttcat gttatatgtt catatggaag 
1140 

ctcttttatg cagagtactt gctgttacct tttttgaagt ga 
1182 

<210> 2 
<211> 393 
<212> PRT 

<213> Arabidopsis sp 



<400> 2 



Met 


Glu 


Ser 


Leu 


Leu 


Ser 


Ser 


Ser 


Ser 


Leu 


Val 


Ser 


Ala 


Ala 


Gly 


Gly 


1 








5 










10 










15 




Phe 


Cys 


Trp 


Lys 


Lys 


Gin 


Asn 


Leu 


Lys 


Leu 


His 


Ser 


Leu 


Ser 


Glu 


He 








20 








25 










30 






Arg 


Val 


Leu 
35 


Arg 


Cys 


Asp 


Ser 


Ser 
40 


Lys 


Val 


Val 


Ala 


Lys 
45 


Pro 


Lys 


Phe 


Arg 


Asn 


Asn 


Leu 


Val 


Arg 


Pro 


Asp 


Gly 


Gin 


Gly 


Ser 


Ser 


Leu 


Leu 


Leu 




50 








55 








60 










Tyr 


Pro 


Lys 


His 


Lys 


Ser 


Arg 


Phe 


Arg 


Val 


Asn 


Ala 


Thr 


Ala 


Gly 


Gin 












70 








75 










80 


Pro 


Glu 


Ala 


Phe 


Asp 


Ser 


Asn 


Ser 


Lys 


Gin 


Lys 


Ser 


Phe 


Arg 


Asp 


Ser 










85 








90 










95 




Leu 


Asp 


Ala 


Phe 
100 


Tyr 


Arg 


Phe 


Ser 


Arg 
105 


Pro 


His 


Thr 


Val 


He 
110 


Gly 


Thr 


Val 


Leu 


Ser 

1XZ> 


He 


Leu 


Ser 


Val 


Ser 


Phe 


Leu 


Ala 


Val 


Glu 


Lys 


Val 


Ser 


Asp 


He 


Ser 


Pro 


Leu 


Leu 


Phe 


Thr 


Gly 


He 


Leu 


Glu 


Ala 


Val 


Val 


Ala 




130 










135 








140 










Ala 


Leu 


Met 


Met 


Asn 


He 


Tyr 


He 


Val 


Gly 


Leu 


Asn 


Gin 


Leu 


Ser 


Asp 


145 










150 






155 










160 


Val 


Glu 


He 


Asp 


Lys 


Val 


Asn 


Lys 


Pro 


Tyr 


Leu 


Pro 


Leu 


Ala 


Ser 


Gly 










165 








170 










175 




Glu 


Tyr 


Ser 


Val 


Asn 


Thr 


Gly 


He 


Ala 


He 


Val 


Ala 


Ser 


Phe 


Ser 


He 






180 








185 










190 






Met 


Ser 


Phe 
195 


Trp 


Leu 


Gly 


Trp 


He 
200 


Val 


Gly 


Ser 


Trp 


Pro 
205 


Leu 


Phe 


Trp 


Ala 


Leu 


Phe 


Val 


Ser 


Phe 


Met 


Leu 


Gly 


Thr 


Ala 


Tyr 


Ser 


He 


Asn 


Leu 




210 










215 








220 










Pro 


Leu 


Leu 


Arg 


Trp 


Lys 


Arg 


Phe 


Ala 


Leu 


Val 


Ala 


Ala 


Met 


Cys 


He 


225 










230 








235 










240 


Leu 


Ala 


Val 


Arg 


Ala 
245 


He 


He 


Val 


Gin 


He 
250 


Ala 


Phe 


Tyr 


Leu 


His 
255 


He 


Gin 


Thr 


His 


Val 


Phe 


Gly 


Arg 


Pro 


He 


Leu 


Phe 


Thr 


Arg 


Pro 


Leu 


He 








260 






265 










270 






Phe 


Ala 


Thr 
275 


Ala 


Phe 


Met 


Ser 


Phe 
280 


Phe 


Ser 


Val 


Val 


He 
285 


Ala 


Leu 


Phe 


Lys 


Asp 
290 


He 


Pro 


Asp 


He 


Glu 
295 


Gly 


Asp 


Lys 


He 


Phe 
300 


Gly 


He 


Arg 


Ser 


Phe 


Ser 


Val 


Thr 


Leu 


Gly 


Gin 


Lys 


Arg 


Val 


Phe 


Trp 


Thr 


Cys 


Val 


Thr 


305 










310 








315 










320 


Leu 


Leu 


Gin 


Met 


Ala 


Tyr 


Ala 


Val 


Ala 


He 


Leu 


Val 


Gly 


Ala 


Thr 


Ser 










325 








330 










335 




Pro 


Phe 


He 


Trp 


Ser 


Lys 


Val 


He 


Ser 


Val 


Val 


Gly 


His 


Val 


He 


Leu 
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340 345 350 

Ala Thr Thr Leu Trp Ala Arg Ala Lys Ser Val Asp Leu Ser Ser Lys 

355 360 365 

Thr Glu lie Thr Ser Cys Tyr Met Phe lie Trp Lys Leu Phe Tyr Ala 

370 375 380 

Glu Tyr Leu Leu Leu Pro Phe Leu Lys 
385 390 

<210> 3 
<211> 1224 
<212> DNA 

<213> Arabidopsis sp 
<400> 3 

atggcgtbtt ttgggctctc ccgtgtttca agacggbtgt tgaaafccttc cgtctccgta 
60 

actccatctt cttcctctgc bcbbttgcaa tcacaacata aatccttgtc caatcctgtg 
120 

actacccatt acacaaatcc tttcactaag bgttatcctt catggaatga taattaccaa 
180 

gtatggagta aaggaagaga attgcatcag gagaagtttt ttggtgttgg fctggaafctac 
240 

agattaattt gtggaatgtc gtcgtcttct tcggttttgig agggaaagcc gaagaaagat 
300 

gataaggaga agagtgatgg tgttgttgtt aagaaagctt cttggataga tttgtattta 
360 

ccagaagaag ttagaggtta tgctaagctt gctcgattgg ataaacccat tggaacttgg 
420 

ttgcttgcgt ggccttgtat gtggtcgatt gcgttggctg ctgatcctgg aagccttcca 
480 

agttbbaaat atatggcttt atttggtbgc ggagcattac ttctbagagg tgctggtbgt 
540 

actataaatg atctgcttga tcaggacata gatacaaagg ttgatcgtac aaaactaaga 
600 

cctatcgcca gtggtctttt gacaccattt caagggattg gatttctcgg gctgcagttg 
660 

cttttaggct bagggattct tctccaactt aacaattaca gccgtgbttt aggggcbtca 
720 

tctbtgttac btgtcttttc ctacccactt atgaagaggt ttacattttg gcctcaagcc 
780 

tttttaggtt fcgaccataaa ctggggagca ttgttaggat ggactgcagt taaaggaagc 
840 

atagcaccat ctattgtact ccctctctat ctctccggag tctgctggac ccttgtttat 
900 ■ 

gafcactattt abgcacatca ggacaaagaa gabgatgtaa aagttggbgb taagtcaaca 
960 

gcccttagat tcggtgataa tacaaagctt tggttaactg gatttggcac agcatccata 
1020 

ggttttcttg cactttctgg attcagtgca gatctcgggt ggcaafcatta cgcatcactg 
1080 

gccgctgcat caggacagtfc aggatggcaa atagggacag ctgactbatc atctggtgcb 
1140 

gacbgcagba gaaaatttgt gtcgaacaag bggtttggtg ctabtatatt bagbggagbt 
1200 

gtacttggaa gaagbtttca ataa 
1224 

<210> 4 
<211> 407 
<212> PRT 

<213> Arabidopsis sp 
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<400> 4 ^ 

Met Ala Phe Phe Gly Leu Ser Arg Val Ser Arg Arg Leu Leu Lys Ser 

1 5 10 15 

Ser Val Ser Val Thr Pro Ser Ser Ser Ser Ala Leu Leu Gin Ser Gin 

20 25 30 

His Lys Ser Leu Ser Asn Pro Val Thr Thr His Tyr Thr Asn Pro Phe 

35 40 45 

Thr Lys Cys Tyr Pro Ser Trp Asn Asp Asn Tyr Gin Val Trp Ser Lys 

50 55 60 

Gly Arg Glu Leu His Gin Glu Lys Phe Phe Gly Val Gly Trp Asn Tyr 
65 70 75 80 

Arg Leu lie Cys Gly Met Ser Ser Ser Ser Ser Val Leu Glu Gly Lys 

85 90 95 

Pro Lys Lys Asp Asp Lys Glu Lys Ser Asp Gly Val Val Val Lys Lys 

100 105 110 

Ala Ser Trp He Asp Leu Tyr Leu Pro Glu Glu Val Arg Gly Tyr Ala 

115 120 125 

Lys Leu Ala Arg Leu Asp Lys Pro He Gly Thr Trp Leu Leu Ala Trp 

130 135 140 

Pro Cys Met Trp Ser He Ala Leu Ala Ala Asp Pro Gly Ser Leu Pro 
145 150 155 160 

Ser Phe Lys Tyr Met Ala Leu Phe Gly Cys Gly Ala Leu Leu Leu Arg 

165 170 175 

Gly Ala Gly Cys Thr lie Asn Asp Leu Leu Asp Gin Asp He Asp Thr 

180 185 190 

Lys Val Asp Arg Thr Lys Leu Arg Pro He Ala Ser Gly Leu Leu Thr 

195 200 205 

Pro Phe Gin Gly lie Gly Phe Leu Gly Leu Gin Leu Leu Leu Gly Leu 

210 215 220 

Gly lie Leu Leu Gin Leu Asn Asn Tyr Ser Arg Val Leu Gly Ala Ser 
225 230 235 240 

Ser Leu Leu Leu Val Phe Ser Tyr Pro Leu Met Lys Arg Phe Thr Phe 

245 250 255 

Trp Pro Gin Ala Phe Leu Gly Leu Thr He Asn Trp Gly Ala Leu Leu 

260 265 270 

Gly Trp Thr Ala Val Lys Gly Ser He Ala Pro Ser He Val Leu Pro 

275 280 285 

Leu Tyr Leu Ser Gly Val Cys Trp Thr Leu Val Tyr Asp Thr He Tyr 

290 295 300 

Ala His Gin Asp Lys Glu Asp Asp Val Lys Val Gly Val Lys Ser Thr 
305 310 315 320 

Ala Leu Arg Phe Gly Asp Asn Thr Lys Leu Trp Leu Thr Gly Phe Gly 

325 330 335 

Thr Ala Ser He Gly Phe Leu Ala Leu Ser Gly Phe Ser Ala Asp Leu 

340 345 350 

Gly Trp Gin Tyr Tyr Ala Ser Leu Ala Ala Ala Ser Gly Gin Leu Gly 

355 360 365 

Trp Gin He Gly Thr Ala Asp Leu Ser Ser Gly Ala Asp Cys Ser Arg 

370 375 380 

Lys Phe Val Ser Asn Lys Trp Phe Gly Ala He He Phe Ser Gly Val 
385 390 395 400 

Val Leu Gly Arg Ser Phe Gin 
405 



<210> 5 
<211> 1296 
<212> DNA 

<213> Arabidopsis sp 
<400> 5 
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atgtggcgaa gatctgttgt bbcbcgbbba tcttcaagaa tctctgtttc ttcttcgbta 
60 

ccaaacccta gactgattcc ttggtcccgc gaattabgtg ccgttaabag cttcfccccag 
120 

ccbccggtct cgacggaabc aactgctaag tfcagggatca ctggtgtbag abcbgabgcc 
180 

aabcgagbbb bbgccacbgc bacbgccgcc gcbacagcba cagcbaccac cggbgagabb 
240 

bcgtctagag btgcggcbbb ggcbggabba gggcabcacb acgcbcgtbg bbabbgggag 
300 

cbttctaaag cbaaacbtag batgcbbgbg gttgcaacbb ctggaacbgg gbababbcbg 
360 

ggbacgggaa abgcbgcaab bagcbbcccg gggcbbbgbt acacabgbgc aggaaccatg 
420 

abgatbgctg catcbgcbaa btccbbgaab cagabbbttg agabaagcaa bgatbcbaag 
480 

abgaaaagaa cgabgcbaag gccabbgccb bcaggacgta tbagbgbbcc acacgcbgbb 
540 

gcabgggcba cbatbgcbgg bgctbcbggt gcttgtbtgb bggccagcaa gacbaatatg 
600 

btggcbgcbg gacfcbgcabc tgccaabcbb gtacbbbabg cgbbbgttba bactccgbbg 
660 

aagcaacbbc acccbatcaa bacabgggbb ggcgcbgbtg ttggbgctat cccacccbbg 
720 

cbbgggbggg cggcagcgbc bggbcagabt bcabacaatb cgabgabbcb bccagcbgct 
780 

cbbtactbbb ggcagabacc tcabbbbabg gcccbbgcac atcbcbgccg caatgabbab 
84 0 

gcagcbggag gbbacaagab gbbgbcactc bbbgabccgb cagggaagag aabagcagca 
900 

gbggcbcbaa ggaacbgcbb bbacabgabc ccbcbcggbb tcabcgccta bgacbggggg 
960 

tbaaccbcaa gbbggbbbbg ccbcgaabca acacbbcbca cacbagcaab cgcbgcaaca 
1020 

gcabbbbcab tcbaccgaga ccggaccabg cabaaagcaa ggaaaabgtb ccabgccagb 
1080 

cbbcbcbbcc bbccbgtbtt cabgbcbggb cfcbcbbcbac accgbgbctc baatgabaab 
1140 

cagcaacaac tcgbagaaga agccggabba acaaabbcbg babcbggbga agbcaaaacb 
1200 

cagaggcgaa agaaacgbgb ggcbcaaccb ccggbggcbb abgccbcbgc bgcaccgbbb 
1260 

ccbbbccbcc cagcbccfcbc cbbcbacbcb ccatga 
1296 

<210> 6 
<211> 431 
<212> PRT 

<213> Arabidopsis sp 
<400> 6 

Meb Trp Arg Arg Ser Val Val Tyr Arg Phe Ser Ser Arg He Ser Val 

15 10 15 

Ser Ser Ser Leu Pro Asn Pro Arg lieu He Pro Trp Ser Arg Glu Leu 

20 25 30 

Cys Ala Val Asn Ser Phe Ser Gin Pro Pro Val Ser Thr Glu Ser Thr 

35 40 45 

Ala Lys Leu Gly He Thr Gly Val Arg Ser Asp Ala Asn Arg Val Phe 

50 55 60 

Ala Thr Ala Thr Ala Ala Ala Thr Ala Thr Ala Thr Thr Gly Glu He 
65 70 75 80 
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Ser Ser Arg Val Ala Ala Leu Ala Gly Leu Gly His His Tyr Ala Arg 

85 90 95 

Cys Tyr Trp Glu Leu Ser Lys Ala Lys Leu Ser Met Leu Val Val Ala 

100 105 HO 

Thr Ser Gly Thr Gly Tyr He Leu Gly Thr Gly Asn Ala Ala He Ser 

115 120 125 

Phe Pro Gly Leu Cys Tyr Thr Cys Ala Gly Thr Met Met He Ala Ala 

130 135 140 

Ser Ala Asn Ser Leu Asn Gin He Phe Glu He Ser Asn Asp Ser Lys 
145 150 155 160 

Met Lys Arg Thr Met Leu Arg Pro Leu Pro Ser Gly Arg He Ser Val 

165 170 175 

Pro His Ala Val Ala Trp Ala Thr He Ala Gly Ala Ser Gly Ala Cys 

180 185 190 

Leu Leu Ala Ser Lys Thr Asn Met Leu Ala Ala Gly Leu Ala Ser Ala 

195 200 205 

Asn Leu Val Leu Tyr Ala Phe Val Tyr Thr Pro Leu Lys Gin Leu Hxs 

210 215 220 

Pro He Asn Thr Trp Val Gly Ala Val Val Gly Ala lie Pro Pro Leu 
225 230 235 240 

Leu Gly Trp Ala Ala Ala Ser Gly Gin He Ser Tyr Asn Ser Met He 

245 250 255 

Leu Pro Ala Ala Leu Tyr Phe Trp Gin He Pro His Phe Met Ala Leu 

260 265 270 

Ala His Leu Cys Arg Asn Asp Tyr Ala Ala Gly Gly Tyr Lys Met Leu 

275 280 285 

Ser Leu Phe Asp Pro Ser Gly Lys Arg lie Ala Ala Val Ala Leu Arg 

290 295 300 

Asn Cys Phe Tyr Met lie Pro Leu Gly Phe He Ala Tyr Asp Trp Gly 
305 310 315 320 

Leu Thr Ser Ser Trp Phe Cys Leu Glu Ser Thr Leu Leu Thr Leu Ala 

325 330 335 

He Ala Ala Thr Ala Phe Ser Phe Tyr Arg Asp Arg Thr Met His Lys 

340 345 350 

Ala Arg Lys Met Phe His Ala Ser Leu Leu Phe Leu Pro Val Phe Met 

355 360 365 

Ser Gly Leu Leu Leu His Arg Val Ser Asn Asp Asn Gin Gin Gin Leu 

370 375 380 

Val Glu Glu Ala Gly Leu Thr Asn Ser Val Ser Gly Glu Val Lys Thr 
385 390 395 400 

Gin Arg Arg Lys Lys Arg Val Ala Gin Pro Pro Val Ala Tyr Ala Ser 

405 410 415 

Ala Ala Pro Phe Pro Phe Leu Pro Ala Pro Ser Phe Tyr Ser Pro 
420 425 430 

<210> 7 
<211> 479 
<212> DHA 

<213> Arabidopsis sp 
<400> 7 

ggaaactccc ggagcacctg tttgcaggta ccgctaacct taatcgataa tttatttctc 
60 

ttgtcaggaa ttatgtaagt ctggtggaag gctcgcatac catttttgca ttgcctttcg 
120 

ctatgatcgg gtttactttg ggtgtgatga gaccaggcgt ggctttatgg tatggcgaaa 
180 

acccattttt atccaatgct gcattccctc ccgatgattc gttctttcat tcctatacag 
240 

gtatcatgct gataaaactg ttactggtac tggtttgtat ggtatcagca agaagcgcgg 
300 
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cgatggcgtt taaccggtat cbcgacaggc abbtbgacgc gaagaacccg cgtacbgcca 
360 

tccgtgaaat acctgcgggc gtcatatctg ccaacagtgc gcbggbgbbb acgataggct 
420 

gctgcgtggt attctgggtg gccbgbbabb tcattaacac gabcbgbbbb baccbggcg 
479 

<210> 8 
<211> 551 
<212> DNA 

<213> Arabidopsis sp 
<220> 

<221> misc_feature 
<222> (1) ... (551) 
<223> n « A,T,C or G 

<400> 8 

btgbggctba caccbbaabg agcatacgcc agnccabbac ggctcgttaa tcggcgccat 
60 

ngccggngcb gntgcaccgg tagbgggcba cbgcgccgbg accaatcagc bbgabctagc 
120 

ggcbcbtabt cbgtbbbtaa bfcbbactgbt cbggcaaabg ccgcabbbbt acgcgatbtc 
180 

cabbtbcagg cbaaaagacb bbbcagcggc cbgbabtccg gbgcbgccca bcabbaaaga 
240 

ccbgcgcbat accaaaabca gcabgcbggt bbacgbgggc btatbbacac bggcbgctab 
300 

cabgccggcc cbcbbagggb abgccggbbg gabbbabggg abagcggccb baatbbtagg 
360 

cbbgtatbgg cbbbababbg ccabacaagg attcaagacc gccgabgabc aaaaatggbc 
420 

bcgbaagabg tbbggatcbb cgabbbbaat cattaccctc bbgtcggbaa bgatgctbgb 
480 

btaaactbac bgccbcctga agbtbababa tcgabaabtb cagcbbaagg aggctbagbg 
540 

gbbaabtcaa b 
551 

<210> 9 
<211> 297 
<212> PRT 

<213> Arabidopsis sp 
<400> 9 

Meb Val Leu Ala Glu Val Pro Lys Leu Ala Ser Ala Ala Glu Tyr Phe 

1 5 10 15 

Phe Lys Arg Gly Val Gin Gly Lys Gin Phe Arg Ser Thr lie Leu Leu 

20 25 30 

Leu Met Ala Thr Ala Leu Asn Val Arg Val Pro Glu Ala Leu lie Gly 

35 40 45 

Glu Ser Thr Asp lie Val Thr Ser Glu Leu Arg Val Arg Gin Arg Gly 

50 55 60 

Tie Ala Glu lie Thr Glu Meb lie His Val Ala Ser Leu Leu His Asp 
65 70 75 80 

Asp Val Leu Asp Asp Ala Asp Thr Arg Arg Gly Val Gly Ser Leu Asn 

85 90 95 

Val Val Meb Gly Asn Lys Val Val Ala Leu Leu Ala Thr Ala Val Glu 

100 105 110 

His Leu Val Thr Gly Glu Thr Met Glu He Thr Ser Ser Thr Glu Gin 
115 120 125 
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Arg Tyr 


Ser 


Met 


Asb 


Tvr Tvr 


Met 


Gin 


Lys 


Thr 


Tvr 


Tvr 


Lvs 


Thr 


Ala 


130 








135 










140 










Ser Leu 


He 


Ser 


Asn 


Ser Cys 


Lvs 


Ala 


Val 


Ala 


Val 


Leu 


Thr 


Glv 


Gin 


145 








150 






155 








160 


Thr Ala 


Glu 


Val 


Ala 


Val Leu 


Ala 


Phe 


Glu 


Tvr 


Glv 


Arg 


Asn 


Leu 


Glv 








165 








170 








175 


Leu Ala 


Phe 


Gin 
180 


Leu 


He Asp 


Asp 


He 
185 


Leu 


Asp 


Phe 


Thr 


Glv 

190 


Thr 


Ser 


Ala Ser 


Leu 


Gly 


Lvs 


Gly Ser 


Leu 


Ser 


Asp 


lie 


Arg 


His 


Glv 


Val 


Tie 




195 








200 








205 






Thr Ala 


Pro 


He 


Leu 


Phe Ala 


Met 


Glu 


Glu 


Phe 




Gin 






Gl ti 


210 








215 










220 








Val Val 


Asp 


Gin 


Val 


Glu Lvs 


Asp 


Pro 


Arg 


Asn 


Val 
v ox 








lieu 


225 








230 






235 








240 


Glu Tyr 


Leu 


Gly 


Lys 


Ser Lys 


Gly 


He 


Gin 


Arg 


Ala 


Arg 


Glu 


Leu 


Ala 


Met Glu 






245 








250 








255 




His 


Ala 


Asn 


Leu Ala 


Ala 


Ala 


Ala 


He 


Gly 


Ser 


Leu 


Pro 


Glu 






260 








265 








270 






Thr Asp 


Asn 


Glu 


Asp 


Val Lys 


Arg 


Ser 


Arg 


Arg 


Ala 


Leu 


He 


Asp 


Leu 


Thr His 


275 








280 










285 






Arg 


Val 


He 


Thr Arg 


Asn 


Lys 
















290 








295 





















<210> 10 
<211> 561 
<212> DNA 

<213> Arabidopsis sp 
<400> 10 

aagcgcatcc gtcctcttct acgattgccg ccagccgcat gtatggctgc ataaccgacc 
60 

gcccctatcc gctcgcggcc gcggtcgaat tcattcacac cgcgacgctg ctgcatgacg 
120 

acgtcgtcga tgaaagcgat ttgcgccgcg gccgcgaaag cgcgcataag gttttcggca 
180 

atcaggcgag cgtgctcgtc ggcgatttcc ttttctcccg cgccttccag ctgatggtgg 
240 

aagacggctc gctcgacgcg ctgcgcattc tctcggatgc ctccgccgtg atcgcgcagg 
300 

gcgaagtgat gcagctcggc accgcgcgca atcttgaaac caatatgagc cagtatctcg 
360 

atgtgatcag cgcgaagacc gccgcgctct ttgccgccgc ctgcgaaatc ggcccggtga 
420 

tggcgaacgc gaaggcggaa gatgctgccg cgatgtgcga atacggcatg aatctcggta 
480 

tcgccttcca gatcatcgac gaccttctcg attacggcac cggcggccac gccgagcttg 
540 

gcaagaacac gggcgacgat t 
561 

<210> 11 
<211> 966 
<212> DNA 

<213> Arabidopsis sp 
<400> 11 

abggtacttg ccgaggttcc aaagcttgcc tctgctgctg agtacttctt caaaaggggt 
60 

gtgcaaggaa aacagfcttcg ttcaactatt ttgctgctga tggcgacagc tctgaatgta 
120 

cgcgttccag aagcattgat tggggaatca acagatatag tcacatcaga attacgcgta 
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180 








atattactaa 


aatcactaaa 


240 






aatcrtcfctaa 


ataataccaa 


hacaaacrca h 


300 






aacaaoa hat 


cggba ttagc 


aaoaaact h c 


360 








acaranaoat 


y WO 


420 






yyCydOOWWCl 


Lyyaoa ldov> 


uay ulwoquw 


480 






caaaaoacafc 


ahtataanac 


aacahcacta 

ay wa w wy w w a 


540 






ft* fa fhciffsaf* 


a o a w ci y wo y a 


ant" ("flPPfl 1" ft 
cty t, uy wwy ty 


600 






*- i> a y wo t- w w 


oo uucio^oyo 


wyowa u www c 


660 






2» a ft a r /■•rt I" 


wijLwa^alal. 


t* fr a t~ fr a 

uwy wuo uy y a 








y aau ay U 1 t w 


c tea acta eg 


cgaag u tgc t 


780 






gacattgctt 


tagagtatct 


tgggaagagc 


840 






atggaacatg 


cgaatctagc 


agcagctgca 


900 






gatgtcaaaa 


gatcgaggcg 


ggcacttatt 


960 






aagtga 






966 







<210> 12 
<211> 321 
<212> PRT 

<213> Axabidopsis sp 



<400> 12 



Met 


Val 


Leu Ala 


Glu 


Val 


Pro 


Lys 


1 






5 








Phe 


Lys 


Arg Gly 


Val 


Gin 


Gly 


Lys 






20 










Leu 


Met 


Ala Thr 


Ala 


Leu 


Asn 


Val 






35 








40 


Glu 


Ser 


Thr Asp 


lie 


Val 


Thr 


Ser 




50 






55 




lie 


Ala 


Glu He 


Thr 


Glu 


Met 


He 


65 








70 






Asp 


Val 


Leu Asp 


Asp 


Ala 


Asp 


Thr 








85 








Val 


Val 


Met Gly 


Asn 


Lys 


Met 


Ser 






100 










Ser 


Arg 


Ala Cys 


Gly 


Ala 


Leu 


Ala 






115 








120 


Ala 


Leu 


Leu Ala 


Thr 


Ala 


Val 


Glu 




130 








135 




Glu 


He 


Thr Ser 


Ser 


Thr 


Glu 


Gin 


145 








150 






Gin 


Lys 


Thr Tyr 


Tyr 


Lys 


Thr 


Ala 








165 








Ala 


Val 


Ala Val 


Leu 


Thr 


Gly 


Gin 






180 










Phe 


Glu 


Tyr Gly 


Arg 


Asn 


Leu 


Gly 



atgatacacg tcgcaagtct actgcacgat 
ggtgttggtt ccttaaatgt tgtaatgggt 
ttgctctccc gggcttgtgg ggctctcgct 
cttgcaactg ctgtagaaca tcttgttacc 
gagcagcgtt atagtatgga ctactacatg 
atctctaaca gctgcaaagc tgttgccgfct 
ttagcttttg agtatgggag gaatctgggt 
gatttcacgg gcacatctgc ctctctcgga 
gtcataacag ccccaatcct ctttgccatg 
gatcaagttg aaaaagatcc taggaatgtt 
aagggaatac agagggcaag agaattagcc 
atcgggtctc tacctgaaac agacaatgaa 
gacttgaccc atagagtcat caccagaaac 



Leu 


Ala Ser 


Ala 


Ala 


Glu 


Tyr 


Phe 




10 








15 




Gin 


Phe Arg 


Ser 


Thr 


He 


Leu 


Leu 


25 






30 






Arg 


Val Pro 


Glu 


Ala 


Leu 


He 


Gly 








45 








Glu 


Leu Arg 


Val 


Arg 


Gin 


Arg 


Gly 






60 










His 


Val Ala 


Ser 


Leu 


Leu 


His 


Asp 




75 










80 


Arg 


Arg Gly 


Val 


Gly 


Ser 


Leu 


Asn 




90 








95 




Val 


Leu Ala 


Gly 


Asp 


Phe 


Leu 


Leu 


105 






110 






Ala 


Leu Lys 


Asn 


Thr 


Glu 


Val 


Val 






125 








His 


Leu Val 


Thr 


Gly 


Glu 


Thr 


Met 






140 








Arg 


Tyr Ser 


Met 


Asp 


Tyr 


Tyr 


Met 




155 










160 


Ser 


Leu He 


Ser 


Asn 


Ser 


Cys 


Lys 




170 








175 




Thr 


Ala Glu 


Val 


Ala 


Val 


Leu 


Ala 


185 








190 






Leu 


Ala Phe 


Gin 


Leu 


lie 


Asp 


Asp 
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195 200 205 

lie Leu Asp Phe Thr Gly Thr Ser Ala Ser Leu Gly Lys Gly Ser Leu 

210 215 220 

Ser Asp lie Arg His Gly Val He Thr Ala Pro He Leu Phe Ala Met 
225 230 235 240 

Glu Glu Phe Pro Gin Leu Arg Glu Val Val Asp Gin Val Glu Lys Asp 

245 250 255 

Pro Arg Asn Val Asp He Ala Leu Glu Tyr Leu Gly Lys Ser Lys Gly 

260 265 270 

He Gin Arg Ala Arg Glu Leu Ala Met Glu His Ala Asn Leu Ala Ala 

275 280 285 

Ala Ala He Gly Ser Leu Pro Glu Thr Asp Asn Glu Asp Val Lys Arg 

290 295 300 

Ser Arg Arg Ala Leu He Asp Leu Thr His Arg Val He Thr Arg Asn 
305 310 315 320 

Lys 



<210> 13 
<211> 621 
<212> DNA 

<213> Arabidopsis sp 
<400> 13 

gctttctcct ttgctaattc ttgagctttc ttgatcccac cgcgathtct aactatttca 
60 

afccgcttctt caagcgatcc aggcbcacaa aactcagact caatgatctc tcttagcctt 
120 

ggctcattct ctagcgcgaa gatcactggc gccgttatgt tacctttggc taagtcatta 
180 

gctgcaggcfc tacctaactg ctctgtggac tgagtgaagt ccagaatgtc atcaactact 
240 

tgaaaagafca aaccgagatt cttcccgaac tgatacattt gcfcctgcgac cttgctttcg 
300 

actttactga aaattgctgc tcctttggtg cttgcagcta ctaatgaagc tgtcttgfcag 
360 

taactcttta gcatgtagtc atcaagcttg acatcacaat cgaataaact cgatgcttgc 
420 

tttatctcac cgcttgcaaa atctttgatc acctgcaaaa agataaatca agattcagac 
480 

caaatgttct ttgtattgag tagcttcatc taatctcaga aaggaatatt acctgactfca 
540 

tgagcttaat gacttcaagg ttttcgagat ttgtaagtac catgatgctt gagcaacatg 
600 

aaatccccag ctaatacagc t 
621 

<210> 14 
<211> 741 
<212> DNA 

<213> Arabidopsis sp 
<400> 14 

ggtgagttth gttaatagtt atgagattca tctatttfcfcg tcataaaatfc gtttggtttg 
60 

gtttaaactc tgtgtataat tgcaggaaag gaaacagttc atgagctttt cggcacaaga 
120 

gfcagcggtgc fcagctggaga tttcatgttt gctcaagcgt catggfcactt agcaaatctc 
180 

gagaatcttg aagttattaa gctcafccagt caggtactta gttactctta cattgttttt 
240 
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cbabgaggbb gagctatgaa 
300 

cabgbbbbca ggbgabcaaa 
360 

bbgacbgcga caccaagctc 
420 

bagfcggcbgc gagcaccaaa 
480 

aacaaabgba cgagtfctggg 
540 

tggafctbcac tcagtcgaca 
600 

gtaacttaac agcacctgtg 
660 

ttgagtcaaa gbtcbgbgag 
720 

gbggggggab taagagagca 
741 

<210> 15 
<211> 1087 
<212> DNA 

<213> Arabidopsis sp 
<4 00> 15 

cctcttcagc caatccagag 
60 

aaaacgcacg gttttatgct 
120 

ttcaaccaga gggaaaaagc 
180 

tccgcaaagc cgagtctgta 
240 

tfcacgatcca agaagcggtc 
300 

tgcbctgcat tgccgcttgt 
360 

cttgcgcggt cgagatgatc 
420 

acaatgccga cctccgtaga 
480 

gaaggctcag agataatgct 
540 

ggagaagaca bggcggtbbb 
600 

acggttgtgb cgagtgggtt 
660 

gccagggcca tagggactac 
720 

agactgaabc cagacaaggt 
780 

gcggcabbgt tggaggcagc 
840 

gaaabcgaaa agcbtagaaa 
900 

gacabbctcg acgbaacaaa 
960 

abggccggaa agcbgacgba 
1020 

gagcacctga ggagagaagc 
1080 



tctcatttcg tbgaataatg 
gacbtbgcaa gcggagagat 
gacgagbacb bactcaaaag 
ggagctgcca bbbtcagcag 
aagaatctcg gbctctctbfc 
gagcagcbcg ggaagccagc 
atbttcgcbc bggagaggga 
gcgggbtcbc tggaagaagc 
c 



gaagaagaga caacbbbtba 
ctctcbtctg ccctcacctc 
aacgabaaca actcbgctbt 
aatgcggctc tcgacgbtbc 
aggtactctt bgctagccgg 
gagctbgtgg ggggcgacga 
cacacaagct cbcbcabtca 
ggcaagccca ccaatcacaa 
gaactagbgt tgaaccaatb 
ggcaggtgat gcactccbtg 
ggbcgctccc gagaagabga 
agggctagtb gctggacaaa 
tggattggag cabcbagagb 
ggcagbtbba ggggbbataa 
gfcabgctagg bgbatbggac 
atcbacbgag gaabbgggba 
bccaaggcbg abaggbbtgg 
agaggaaaag cbbaaagggb 



ctgtgcctca aactttttbb 
aaagcaggcg bccagcttab 
ttbcbacaag acagcctcbb 
agbbgagccb gatgtgacag 
ccagatagtb gabgabattb 
agggagbgab bbggctaaag 
gccaaggcta agagagatca 
gabtgaagcg gbgacaaaag 



tcbttcgtca agagtctccg 
acaagacgca gggcacatga 
tgabbtcaag cbgtatatga 
cgbaccgctb ctgaaacccc 
cggaaaacgb gtgaggcctc 
ggcbactgcc atgtcagccg 
tgacgatcbb ccgtgcatgg 
ggbatgttgt ttaattatat 
tttgctcaaa caaggbatab 
catbggcgtt bgagcacabg 
btcgcgccgb ggttgagcbg 
tgabagaccb agccagcgaa 
bcabccabct ccacaaaacg 
bgggaggtgg aacagaggaa 
bactgtbtca ggbtgfctgab 
agacagccgg aaaagacgba 
agggabccag ggaagtbgca 
bbgabccaag bcaggcggcg 
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cctctgg 
1087 

<210> 16 
<211> 1164 
<212> DNA 

<213> Arabidopsis sp 
<400> 16 

atgacttcga tbctcaacac tgtctccacc abccactctt ccagagttac ctccgtcgat 
60 

cgagtcggag tcctctctct tcggaabtcg gattccgttg agttcactcg ccggcgttct 
120 

ggtttctcga cgttgatcfca cgaatcaccc gggcggagat ttgbtgtgcg tgcggcggag 
180 

actgatactg ataaagttaa atctcagaca ccbgacaagg caccagccgg bggttcaagc 
240 

attaaccagc ttctcggtat caaaggagca fcctcaagaaa ctaataaatg gaagattcgt 
300 

cttcagctta caaaaccagt cacttggcct ccactggttt ggggagtcgt cbgbggbgcb 
360 

gctgcttcag ggaactttca ttggacccca gaggatgttg ctaagtcgat tctttgcatg 
420 

atgatgtcfcg gtccttgtct tacbggcbat acacagacaa tcaacgactg gbabgataga 
480 

gatatcgacg caattaatga gccabatcgt ccaattccat ctggagcaat atcagagcca 
540 

gaggttatfca cacaagtctg ggbgctabba ttgggaggtc ttggtattgc tggaatatta 
600 

gatgfcgtggg cagggcatac cactcccact gtcttctatc ttgctttggg aggatcattg 
660 

ctatcttafca tatactctgc tccacctctt aagctaaaac aaaatggatg ggttggaaat 
720 

bttgcacbtg gagcaagcba babbagbtbg ccatggtggg cbggccaagc attgtttggc 
780 

actctbacgc cagatgttgt tgbbctaaca ctcttgtaca gcatagctgg gbtaggaata 
840 

gccabtgtta acgacttcaa aagbgtbgaa ggagatagag cattaggact tcagtctctc 
900 

ccagbagctt btggcaccga aacbgcaaaa tggabatgcg ttggtgctat agacattact 
960 

cagcbbtcbg btgccggata tcbattagca tctgggaaac ctbatbatgc gttggcgttg 
1020 

gttgctbtga tcabtcctca gattgtgtbc cagtfctaaat actttctcaa ggaccctgtc 
1080 

aaatacgacg tcaagtacca ggcaagcgcg cagccattct bggbgctcgg aafcatttgta 
1140 

acggcatbag catcgcaaca ctga 
1164 

<210> 17 
<211> 387 
<212> PRT 

<213> Arabidopsis sp 
<400> 17 

Meb Thr Ser lie Leu Asn Thr Val Set Thr lie His Ser Ser Arg Val 

1 5 10 15 

Thr Ser Val Asp Arg Val Gly Val Leu Ser Leu Arg Asn Ser Asp Ser 

20 25 30 

Val Glu Phe Thr Arg Arg Arg Ser Gly Phe Ser Thr Leu lie Tyr Glu 
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35 40 45 
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Ala 
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Ser Gly Asn 
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Trp 
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120 
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Thr Pro 


Glu 


Asp Val 
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Cys Met Met 
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Ser 


Gly 


130 








135 
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Pro Cys 
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Thr Gly 
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Thr 


Gin 


Thr 
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Asn Asp Trp 


Tvr 


Asd 


Arg 


145 






150 










155 






160 


Asp He 


Asp 


Ala He 


Asn 


Glu 


Pro 


Tyr Arg 


Pro lie Pro 


Ser 


Glv 


Ala 
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170 






175 




lie Ser 


Glu 


Pro Glu 
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He 
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Gin 


Val 
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Gly 
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Ser Leu Pro 


Val 


Ala 


Phe 


290 






295 








300 








Gly Thr 


Glu 


Thr Ala 


Lys Trp 


He 


Cys 


Val 


Gly Ala He 


Asp 


He 


Thr 


305 






310 










315 






320 


Gin Leu 


Ser 


Val Ala 


Gly Tyr 


Leu 


Leu 


Ala 


Ser Gly Lys 


Pro 


Tyr 


Tyr 






325 










330 




335 


Ala Leu 


Ala 


Leu Val 


Ala 


Leu 


He 


He 


Pro 


Gin He Val 


Phe 


Gin 


Phe 






340 








345 






350 






Lys Tyr 


Phe 


Leu Lys 


Asp 


Pro 


Val 


Lys 


Tyr 


Asp Val Lys 


Tyr 


Gin 


Ala 




355 








360 






365 








Ser Ala 


Gin 


Pro Phe 


Leu 


Val 


Leu 


Gly He 


Phe Val Thr 


Ala 


Leu 


Ala 



370 375 380 



Ser Gin His 
385 

<210> 18 
<211> 981 
<212> DNA 

<213> Arabidopsis sp 
<400> 18 

atgttgttta gtggttcagc gatcccatta agcagcttct gctctcttcc ggagaaaccc 
60 

cacactcttc ctatgaaact ctctcccgct gcaatccgat cttcatcctc atctgccccg 
120 

gggtcgttga acttcgatct gaggaegtat tggacgactc tgatcaccga gatcaaccag 
180 

aagctggatg aggccatacc ggtcaagcac ectgegggga tctacgaggc tatgagatac 
240 

tctgtactcg cacaaggcgc caagcgtgcc cctcctgtga tgtgtgtggc ggectgegag 
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300 

cfcctfccggfcg gcgabcgccb cgccgctbbc cccaccgcct gtgcccfcaga aatggtgcac 
360 

gcggcbbcgb tgatacacga cgacctcccc tgtatggacg acgatccbgt gcgcagagga 
420 

aagccatcta accacactgt ctacggctct ggcatggcca ttctcgccgg tgacgccctc 
480 

ttcccactcg ccbtccagca cattgtctcc cacacgccfcc ctgacctbgt tccccgagcc 
540 

accatcctca gactcatcac tgagabtgcc cgcachgtcg gctccactgg babggctgca 
600 

ggccagfcacg tcgaccttga aggaggtccc btbcctcttt ccttbgttca ggagaagaaa 
660 

ttcggagcca tgggtgaatg ctctgccgtg tgcggfcggcc tattgggcgg tgccactgag 
720 

gatgagctcc agagtctccg aaggtacggg agagccgtcg ggafcgctgta fccaggtggtc 
780 

gatgacatca ccgaggacaa gaagaagagc tatgatggtg gagcagagaa gggaatgatg 
840 

gaaatggcgg aagagctcaa ggagaaggcg aagaaggagc ttcaagtgtt tgacaacaag 
900 

tatggaggag gagacacact tgttcctctc tacaccttcg ttgactacgc tgctcatcga 
960 

cabbbbcbtc ttcccctctg a 
981 

<210> 19 
<211> 245 
<212> DNA 
<213> GLycine sp 

<400> 19 

gcaacabcbg ggactgggbt tgtctbgggg agtggtagtg ctgttgabct tbcggcactb 
60 

tcttgcacbb gcbbgggtac catgatggtt gcbgcabctg ctaacbcttt gaatcaggtg 
120 

tttgagatca ataatgatgc taaaatgaag agaacaagtc gcaggccact accctcagga 
180 

cgcabcacaa bacctcatgc agttggctgg gcatcctctg ttggabtagc tggtacggcb 

240 

ctacb 

245 

<210> 20 
<211> 253 
<212> DNA 
<213> Glycine sp 

<400> 20 

abtggcttbc caagatcatt gggttbtctb gbtgcattca tgaccbtcta cbccttgggb 
60 

tbggcabtgt ccaaggatab acctgacgtb gaaggagata aagagcacgg cafctgabtct 
120 

bfctgcagbac gbcbaggtca gaaacgggca bttbggattt gcgbbbccfcb bbtbgaaatg 
180 

gcttbcggag ttggtabcct ggccggagca tcabgcbcac actbtbggac taaaatbbtc 
240 

acgggtabgg gaa 
253 

<210> 21 
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<211> 275 
<212> DNA 
<213> Glycine sp 

<400> 21 

bgabctbcba cbcbcbgggt atggcatfcgt ccaaggatat atctgacgtt aaaggagaba 
60 

aagcatacgg cabcgabacb ttagcgatac gtttgggtca aaaatgggta tbbbggabbb 
120 

gcabtatccb bbbbgaaabg gcttttggag bbgcccbctb ggcaggagca acabctbcbt 
180 

acctttggat taaaattgtc acgggtcfcgg gacatgctat tcttgcttca atbctctbgfc 
240 

accaagccaa abcbabatac tbgagcaaca aagtb 
275 

<210> 22 
<211> 299 
<212> DNA 
<213> Glycine sp 

<220> 

<221> misc feabure 
<222> (1).T.{299) 
<223> n = A,T,C or G 

<400> 22 

ccanaabang tncatcttng aaagacaatb ggccbcbtca acacacaagt ctgcatgtga 
60 

agaagaggcc aabtgbcbtt ccaagatcac ttatngbggc tatbgbaatc atgaactbcb 
120 

bctbtgbggg tatggcattg gcaaaggata tacctancbg tbgaaggaga taaaababat 
180 

ggcattgaba cbtbtgcaat acgtataggt caaaaacaag tatbtfcggat bbgtattttc 
240 

cbbttbgaaa ggcttbcgga gtbtccctag tggcaggagc aacatcttct agcctbggb 
299 

<210> 23 
<211> 767 
<212> DNA 
<213> Glycine sp 

<400> 23 

gtggaggctg bggttgctgc cctgtttatg aatabtbata ttgttggttt gaabcaatbg 
60 

bctgabgbbg aaabagacaa gabaaacaag ccgtafccttc cafctagcatc tggggaatat 
120 

bccbtbgaaa cbggbgtcac tattgttgca bctbtbtcaa tbcbgagttb tbggcbbggc 
180 

tgggbfcgtag gbtcatggcc abbattbtgg gcccbbttbg taagctbtgt gctaggaacb 
240 

gctbattcaa tcaabgbgcc tctgbtgaga tggaagaggb btgcagbgct tgcagcgabg 
300 

fcgcattcfcag cbgfcbcgggc agbaatagtb caacbtgcab tbbbccbtca cabgcagact 
360 

catgtgtaca agaggccacc bgbctbbtca agaccabbga bbtbbgcbac bgcatbcabg 
420 

agctbcbtct ctgbagtbab agcacbgttb aaggababac cbgacabtga aggagabaaa 
480 

gtabbbggca bccaabctbb bfecagbgbgb tbaggtcaga agccggbgtb ctggacttgb 
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540 

gttacccttc ttgaaatagc ttatggagtc gccctcctgg tgggagctgc atctccttgt 
600 

ctttggagca aaattttcac gggtctggga cacgctgtgc tggcttcaat tctctggttt 
660 

catgccaaat cfcgtagattt gaaaagcaaa gctfccgataa catccttcta tatgtttatt 
720 

tggaagctat tttatgcaga atacttactc attccttttg ttagatg 
767 

<210> 24 
<211> 255 
<212> PRT 
<213> Glycine sp 

<400> 24 

Val Glu Ala Val Val Ala Ala Leu Phe Met Asn lie Tyr lie Val Gly 

1 5 10 15 

Leu Asn Gin Leu Ser Asp Val Glu lie Asp Lys lie Asn Lys Pro Tyr 

20 25 30 

Leu Pro Leu Ala Ser Gly Glu Tyr Ser Phe Glu Thr Gly Val Thr lie 

35 40 45 

Val Ala Ser Phe Ser lie Leu Ser Phe Trp Leu Gly Trp Val Val Gly 

50 55 60 

Ser Trp Pro Leu Phe Trp Ala Leu Phe Val Ser Phe Val Leu Gly Thr 
65 70 75 80 

Ala Tyr Ser He Asn Val Pro Leu Leu Arg Trp Lys Arg Phe Ala Val 

85 90 95 

Leu Ala Ala Met Cys lie Leu Ala Val Arg Ala Val He Val Gin Leu 

100 105 HO 

Ala Phe Phe Leu His Met Gin Thr His Val Tyr Lys Arg Pro Pro Val 

115 120 125 

Phe Ser Arg Pro Leu He Phe Ala Thr Ala Phe Met Ser Phe Phe Ser 

130 135 140 

Val Val He Ala Leu Phe Lys Asp He Pro Asp He Glu Gly Asp Lys 
145 150 155 160 

Val Phe Gly He Gin Ser Phe Ser Val Cys Leu Gly Gin Lys Pro Val 

165 170 175 

Phe Trp Thr Cys Val Thr Leu Leu Glu He Ala Tyr Gly Val Ala Leu 

180 185 190 

Leu Val Gly Ala Ala Ser Pro Cys Leu Trp Ser Lys He Phe Thr Gly 

195 200 205 

Leu Gly His Ala Val Leu Ala Ser lie Leu Trp Phe His Ala Lys Ser 

210 215 220 

Val Asp Leu Lys Ser Lys Ala Ser He Thr Ser Phe Tyr Met Phe He 
225 230 235 240 

Trp Lys Leu Phe Tyr Ala Glu Tyr Leu Leu He Pro Phe Val Arg 
245 250 255 

<210> 25 
<211> 360 
<212> DMA 
<213> Zea sp 



<220> 

<221> miscJEeature 
<222> (1) . . - <360> 
<223> n » A, T,C or G 

<400> 25 

ggcgfccttca cttgttctgg tcttctcgta tcccctgatg aagaggttca cattttggcc 
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60 

tcaggcttab ctbggcctga cafctcaactg gggagcttta ctagggtggg ctgctattaa 
120 

ggaaagcata gacccbgcaa atcafcccttc cattgtabac agctggtatt tgttggacgc 
180 

tggtgtatga tacfcatatat gcgcatcagg bgtbbcgcta bcccbactbb catabbaabc 
240 

cttgatgaag tggccatttc abgbbgtcgc ggbggbcbta tacbbgcata tcfcccatg.ca 
300 

tctcaggaca aagangatga cctgaaagba ggagtccaag tccacagcbt aagabbbggg 
360 

<210> 26 
<211> 299 
<212> DNA 
<213> Zea sp 

<220> 

<221> misc feature 
<222> (1) .7. (299) 
<223> n«A,T,C or G 

<400> 26 

gatggttgca gcatctgcaa abacccbcaa ccaggtgttt gngabaaaaa atgatgctaa 
60 

aatgaaaagg acaatgcgtg ccccctgcca tctggtcgca ttagtcctgc acatgctgcg 
120 

atgtgggcta caagtgttgg agttgcagga acagctttgt tggcctggaa ggctaatggc 
180 

ttggcagctg ggcttgcagc ttcbaabctt gbbcbgbatg cabtbgbgba tacgccgbtg 
240 

aagcaaabac accctgttaa tacatgggbt ggggcagtcg ttggbgccab cccaccacb 
299 

<210> 27 
<211> 255 
<212> DNA 
<213> Zea sp 

<220> 

<221> misc_£eature 
<222> (1)...(255) 
<223> n « A,T # C or G 

<400> 27 

anacttgcab atctccabgc ntctcaggac aaagangatg acctgaaagt aggtgtcaag 
60 

tccacagcat taagatbtgg agatttgacc nnabactgna bcagtggctt tggcgcggca 
120 

bgcbtcggca gcbbagcact cagtggbbac aatgcbgacc ttggttggbg bttagtgtga 
180 

tgcbtgagcg aagaatggta tngttbtbac ttgabatbga ctccagacct gaaatcatgt 
240 

bggacagggb ggccc 
255 

<210> 28 
<211> 257 
<212> DNA 
<213> Zea sp 



17/44 

* tii, 



WO 02/33060 



PCT/US01/42673 



<400> 28 

attgaagggg ataggactct ggggcttcag tcacttcctg ttgcttttgg gatggaaact 
60 

gcaaaatgga ttbgtgttgg agcaattgat atcactcaat tatctgttgc aggttaccfca 
120 

ttgagcaccg gbaagctgta ttabgcccbg gtgthgcttg ggctaacaab tcctcaggtg 
180 

ttctttcagt fcccagtactt cctgaaggac cctgtgaagt atgatgtcaa atatcaggca 
240 

agcgcacaac cattctt 
257 

<210> 29 
<211> 368 
<212> DNA 
<213> 2ea sp 

<400> 29 

atccagttgc aaataataat ggcgttcttc fcctgttgtaa tagcactatt caaggatata 
60 

cctgacatcg aaggggaccg catattcggg atccgafccct tcagcgtccg gttagggcaa 
120 

aagaaggtct tttggatctg cgttggcttg cttgagatgg cctacagcgt tgcgatactg 
180 

atgggagcta cctcttcctg fcttgbggagc aaaacagcaa ccatcgctgg ccattccata 
240 

cttgccgcga tcctabggag ctgcgcgcga tcggtggacb tgacgagcaa agccgcaata 
300 

acgtccttct acatgbbcafc ctggaagctg ttcbacgcgg agtacctgct catccctctg 
360 

gtgcggtg 
368 

<210> 30 
<211> 122 
<212> PRT 
<213> Zea sp 



<400> 30 






lie Gin 


Leu 


Gin 


He He Met Ala 


1 






5 


Phe Lys 


Asp 


He 


Pro Asp He Glu 






20 




Ser Phe 


Ser 


Val 


Arg Leu Gly Gin 




35 




40 


Gly Leu 


Leu 


Glu 


Met Ala Tyr Ser 


50 






55 


Ser Ser 


Cys 


Leu 


Trp Ser Lys Thr 


65 






70 


Leu Ala 


Ala 


He 


Leu Trp Ser Cys 








85 


Lys Ala 


Ala 


He 


Thr Ser Phe Tyr 






100 




Ala Glu 


Tyr 


Leu 


Leu He Pro Leu 




115 




120 



<210> 31 
<211> 278 
<212> DNA 
<213> Zea sp 



Phe 


Phe 


Ser Val Val He 


Ala 


Leu 




10 




15 




Gly 


Asp 


Arg He Phe Gly 


He 


Arg 


25 




30 






Lys 


Lys 


Val Phe Trp He 


Cys 


Val 






45 






Val 


Ala 


He Leu Met Gly 


Ala 


Thr 






60 






Ala 


Thr 


He Ala Gly His 


Ser 


He 






75 




80 


Ala 


Arg 


Ser Val Asp Leu 


Thr 


Ser 




90 


95 




Meb 


Phe 


He Trp Lys Leu 


Phe 


Tyr 


105 




110 






Val 


Arg 
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<400> 31 

tafctcagcac cacctctcaa gctcaagcag aatggatgga ttgggaactt cgctctgggt 
60 

gcgagttaca tcagcttgcc ctggtgggct ggccaggcgt tatttggaac tcttacacca 
120 

gatatcattg tcttgactac tttgtacagc atagctgggc tagggattgc tattgtaaat 
180 

gatttcaaga gtattgaagg ggafcaggact ctggggcttc agtcacttcc tgttgctbtt 
240 

gggatggaaa ctgcaaaatg gatttgtgtt ggagcaat 
278 

<210> 32 
<211> 292 
<212> PRT 

<213> Synechocystis sp 



<400> 32 



Met 


Val 


Ala 


Gin 


Thr 


Pro 


Ser 


Ser Pro Pro 


Leu 


Tro 


Leu 


Thr 


He 


He 


1 








5 






10 










15 




Tvr 


Leu 


Leu 


Arc 
20 


Tro 

Si 


His 


Lys 


Pro Ala Gly 
25 


Ara 


Leu 


He 


Leu 
30 


Met 


He 


Pro 


Ala 


Leu 


Tro 


Ala 


Val Cys 


Leu Ala Ala 


Gin 


Glv 


Leu 


Pro 


Pro 


Leu 






35 










40 






45 








Pro 


Leu 


Leu 


Glv 


Thr 


lie 


Ala 


Leu Gly Thr 


Leu 


Ala 


Thr 


Ser 


Glv 


Leu 




50 








55 




60 








Glv 


Cvs 


Val 


Val 


Asn 


Asp 


Leu 


Trp Asp Arg 


Asp 


He 


Asp 


Pro 


Gin 


Val 


65 










70 






75 










80 


Glu 


Ara 


Thr 


Lys 


Gin 


Arg 


Pro 


Leu Ala Ala 


Ara 


Ala 


Leu 


Ser 


Val 


Gin 










85 






90 








95 




Val 


Gly 


lie 


Gly 


Val 


Ala 


Leu 


Val Ala Leu 


Leu 


Cys 


Ala 


Ala 


Gly 


Leu 








100 








105 






110 




Ala 


Phe 


Tyr 


Leu 


Thr 


Pro 


Leu 


Ser Phe Trp 


Leu 


Cys 


Val 


Ala 


Ala 


Val 






115 










120 




125 








Pro 


Val 


lie 


Val 


Ala 


Tyr 


Pro Gly Ala Lys 


Arg 


Val 


Phe 


Pro 


Val 


Pro 




130 










135 




140 










Gin 


Leu 


Val 


Leu 


Ser 


He 


Ala 


Trp Gly Phe 


Ala 


Val 


Leu 


He 


Ser 


Trp 


145 










150 






155 










160 


Ser 


Ala 


Val 


Thr 


Gly 


Asp Leu Thr Asp Ala 


Thr 


Trp 


Val 


Leu 


Trp 


Gly 










165 






170 










175 




Ala 


Thr 


Val 


Phe 


Trp 


Thr Leu Gly Phe Asp 


Thr 


Val 


Tyr 


Ala 


Met 


Ala 








180 








185 






190 






Asp 


Arg 


Glu 


Asp 


Asp 


Arg Arg 


He Gly Val 


Asn 


Ser 


Ser 


Ala 


Leu 


Phe 






195 










200 






205 








Phe 


Gly 


Gin 


Tyr 


Val 


Gly Glu Ala Val Gly 


He 


Phe 


Phe 


Ala 


Leu 


Thr 




210 










215 






220 










lie 


Gly 


Cys 


Leu 


Phe 


Tyr Leu Gly Met lie 


Leu 


Met 


Leu 


Asn 


Pro 


Leu 


225 










230 






235 










240 


Tyr 


Trp 


Leu 


Ser 


Leu 


Ala 


He 


Ala He Val 


Gly 


Trp 


Val 


He 


Gin 


Tyr 










245 






250 








255 




lie 


Gin 


Leu 


Ser 


Ala 


Pro 


Thr 


Pro Glu Pro 


Lys 


Leu 


Tyr 


Gly 


Gin 


He 








260 








265 




270 






Phe 


Gly 


Gin 


Asn 


Val 


He 


He Gly Phe Val 


Leu 


Leu 


Ala 


Gly 


Met 


Leu 




275 










280 






285 






Leu 


Gly 
290 


Trp 


Leu 























<210> 33 
<211> 316 
<212> PRT 

<213> Synechocystis sp 
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<400> 33 

Met Val Thr Ser Thr Lys lie His Arg Gin His Asp Ser Met Gly Ala 

1 5 10 15 

Val Cys Lys Ser Tyr Tyr Gin Leu Thr Lys Pro Arg lie lie Pro Leu 

20 25 30 

Leu Leu He Thr Thr Ala Ala Ser Met Trp lie Ala Ser Glu Gly Arg 

35 40 45 

Val Asp Leu Pro Lys Leu Leu lie Thr Leu Leu Gly Gly Thr Leu Ala 

50 55 60 

Ala Ala Ser Ala Gin Thr Leu Asn Cys lie Tyr Asp Gin Asp He Asp 
65 70 75 80 

Tyr Glu Met Leu Arg Thr Arg Ala Arg Pro He Pro Ala Gly Lys Val 

85 90 95 

Gin Pro Arg His Ala Leu lie. Phe Ala Leu Ala Leu Gly Val Leu Ser 

100 105 110 

Phe Ala Leu Leu Ala Thr Phe Val Asn Val Leu Ser Gly Cys Leu Ala 

115 120 125 

Leu Ser Gly lie Val Phe Tyr Met Leu Val Tyr Thr His Trp Leu Lys 

130 135 140 

Arg His Thr Ala Gin Asn He Val He Gly Gly Ala Ala Gly Ser He 
145 150 155 160 

Pro Pro Leu Val Gly Trp Ala Ala Val Thr Gly Asp Leu Ser Trp Thr 

165 170 175 

Pro Trp Val Leu Phe Ala Leu He Phe Leu Trp Thr Pro Pro His Phe 

180 185 190 

Trp Ala Leu Ala Leu Met He Lys Asp Asp Tyr Ala Gin Val Asn Val 

195 200 205 

Pro Met Leu Pro Val He Ala Gly Glu Glu Lys Thr Val Ser Gin He 

210 215 220 

Trp Tyr Tyr Ser Leu Leu Val Val Pro Phe Ser Leu Leu Leu Val Tyr 
225 230 235 240 

Pro Leu His Gin Leu Gly lie Leu Tyr Leu Ala He Ala He He Leu 

245 250 255 

Gly Gly Gin Phe Leu Val Lys Ala Trp Gin Leu Lys Gin Ala Pro Gly 

260 265 270 

Asp Arg Asp Leu Ala Arg Gly Leu Phe Lys Phe Ser He Phe Tyr Leu 

275 280 285 

Met Leu Leu Cys Leu Ala Met Val He Asp Ser Leu Pro Val Thr His 

290 295 300 

Gin Leu Val Ala Gin Met Gly Thr Leu Leu Leu Gly 
305 310 315 

<210> 34 
<211> 324 
<212> PRT 

<213> Synechocystis sp 
<400> 34 

Met Ser Asp Thr Gin Asn Thr Gly Gin Asn Gin Ala Lys Ala Arg Gin 

1 5 10 15 

Leu Leu Gly Met Lys Gly Ala Ala Pro Gly Glu Ser Ser He Trp Lys 

20 25 ^ 30 

He Arg Leu Gin Leu Met Lys Pro He Thr Trp lie Pro Leu He Trp 

35 40 45 

Gly Val Val Cys Gly Ala Ala Ser Ser Gly Gly Tyr He Trp Ser Val 

50 55 60 

Glu Asp Phe Leu Lys Ala Leu Thr Cys Met Leu Leu Ser Gly Pro Leu 
65 70 75 80 

Met Thr Gly Tyr Thr Gin Thr Leu Asn Asp Phe Tyr Asp Arg Asp He 
85 90 95 
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Asp Ala 


lie 


Asn 


Glu Pro Tyr Arg 




ioo 




Val Pro 


Gin 


Val 


Val Thr Gin He 




115 




120 


Gly Val 


Ala 


Tyr 


Gly Leu Asp Val 


130 






135 


Met Met 


Val 


Leu 


Thr Leu Gly Gly 


145 






150 


Ala Pro 


Pro 


Leu 


Lys Leu Lys Gin 








165 


Leu Gly 


Ala 


Ser 


Tyr He Ala Leu 




180 


Phe Gly 


Thr 


Leu 


Asn Pro Thr He 


195 




200 


Leo Ala 


Glv 


Leu 


Gly He Ala Val 


210 




215 


Gly Asp 


Arg 


Gin 


Leu Gly Leu Lys 


225 






230 


Gly Thr 


Ala 


Ala 


Tro Tie Cvs Val 








245 


Gly He 


Ala 


Gly 


Tyr Leu He Tyr 






260 




lie Val 


Leu 


Leu 


Leu Leu He Pro 




275 




280 


Phe Leu 


Arg 


Asn 


Pro Leu Glu Asn 


290 




295 


Gin Pro 


Phe 


Leu 


Val Phe Gly Met 


305 






310 


His Ala 


Gly 


He 





Pro He Pro Ser Gly Ala He Ser 
105 HO 
Leu He Leu Leu Val Ala Gly He 
125 

Trp Ala Gin His Asp Phe Pro He 
140 

Ala Phe Val Ala Tyr He Tyr Ser 
155 160 
Asn Gly Trp Leu Gly Asn Tyr Ala 

170 175 
Pro Trp Trp Ala Gly His Ala Leu, 
185 190 
Met Val Leu Thr Leu He Tyr Ser 
205 

Val Asn Asp Phe Lys Ser Val Glu 
220 

Ser Leu Pro Val Met Phe Gly He 
235 240 
He Met He Asp Val Phe Gin Ala 

250 255 
Val His Gin Gin Leu Tyr Ala Thr 
265 270 
Gin He Thr Phe Gin Asp Met Tyr 
285 

Asp Val Lys Tyr Gin Ala Ser Ala 
300 

Leu Ala Thr Gly Leu Ala Leu Gly 
315 320 



<210> 35 
<211> 307 
<212> PRT 

<213> Synechocystis sp 
<400> 35 



Met 


Thr 


Glu 


Ser 


Ser 


Pro 


Leu Ala Pro 


Ser Thr Ala Pro Ala Thr Arg 


1 








5 






10 15 


Lys 


Leu 


Trp 


Leu 


Ala 


Ala 


lie Lys Pro 


Pro Met Tyr Thr Val Ala Val 




20 






25 


30 


Val 


Pro 


He 


Thr 


Val Gly Ser Ala Val 


Ala Tyr Gly Leu Thr Gly Gin 






35 








40 


45 


Trp 


His 


Gly 


Asp 


Val 


Phe 


Thr He Phe 


Leu Leu Ser Ala He Ala He 


50 






55 


60 


He 


Ala 


Trp 


He 


Asn 


Leu 


Ser Asn Asp 


Val Phe Asp Ser Asp Thr Gly 


65 








70 




75 80 


He 


Asp 


Val 


Arg 


Lys 


Ala 


His Ser Val 


Val Asn Leu Thr Gly Asn Arg 






85 






90 95 


Asn 


Leu 


Val 


Phe 


Leu 


He 


Ser Asn Phe 


Phe Leu Leu Ala Gly Val Leu 








100 






105 


110 


Gly 


Leu 


Met 


Ser 


Met 


Ser Trp Arg Ala 


Gin Asp Trp Thr Val Leu Glu 




115 








120 


125 


Leu 


He 


Gly 


Val 


Ala 


He 


Phe Leu Gly 


Tyr Thr Tyr Gin Gly Pro Pro 




130 








135 


140 


Phe 


Arg 


Leu 


Gly 


Tyr Leu Gly Leu Gly 


Glu Leu He Cys Leu He Thr 


145 






150 




155 160 


Phe 


Gly 


Pro 


Leu 


Ala 


He 


Ala Ala Ala 


Tyr Tyr Ser Gin Ser Gin Ser 








165 






170 175 


Phe 


Ser 


Trp 


Asn 


Leu 


Leu 


Thr Pro Ser 


Val Phe Val Gly He Ser Thr 






180 






185 


190 



WO 02/33060 



PCT/US01/42673 



Ala lie lie Leu Phe Cys Ser His Phe His Gin Val Glu Asp Asp Leu 

195 200 205 

Ala Ala Gly Lys Lys Ser Pro lie Val Arg Leu Gly Thr Lys Leu Gly 

210 215 220 

Ser Gin Val Leu Thr Leu Ser Val Val Ser Leu Tyr Leu lie Thr Ala 
225 230 235 240 

He Gly Val Leu Cys His Gin Ala Pro Trp Gin Thr Leu Leu He He 

245 250 255 

Ala Ser Leu Pro Trp Ala Val Gin Leu He Arg His Val Gly Gin Tyr 

260 265 270 

His Asp Gin Pro Glu Gin Val Ser Asn Cys Lys Phe He Ala Val Asn 

275 280 285 

Leu His Phe Phe Ser Gly Met Leu Met Ala Ala Gly Tyr Gly Trp Ala 

290 295 300 

Gly Leu Gly 
305 

<210> 36 
<2H> 927 
<212> DNA 

<213> Synechocystis sp 
<400> 36 

atggcaacta tccaagcttt ttggcgcttc fccccgccccc ataccatcat tggtacaact 
60 

ctgagcgtct gggctgtgta tctgttaact attctcgggg atggaaactc agttaactcc 
120 

cctgcttccc tggatttagt gttcggcgct tggctggcct gcctgttggg taatgtgtac 
180 

attgtcggcc tcaaccaatt gtgggatgtg gacattgacc gcatcaataa gccgaatttg 
240 

cccctagcta acggagattt ttctatcgcc cagggccgtt ggattgtggg actttgtggc 
300 

gttgcttcct tggcgatcgc ctggggatta gggctatggc tggggctaac ggtgggcatt 
360 

agtttgatta ttggcacggc ctattcggtg ccgccagtga ggttaaagcg cttttccctg 
420 

ctggcggccc tgtgtattct gacggtgcgg ggaattgtgg ttaacttggg cttattttta 
480 

ttttttagaa ttggtttagg ttatcccccc actttaataa cccccatctg ggttttgact 
540 

ttatttatct tagttttcac cgtggcgatc gccattttta aagatgtgcc agatatggaa 
600 

ggcgatcggc aatttaagat tcaaacttta actttgcaaa tcggcaaaca aaacgttttt 
660 

cggggaacct taattttact cactggttgt tatttagcca tggcaatctg gggctfcatgg 
720 

gcggctatgc ctttaaatac tgctttcttg afctgtttccc atttgtgctt attagcctta 
780 

ctctggtggc ggagtcgaga tgtacactta gaaagcaaaa ccgaaattgc tagtttttat 
840 

cagtttattt ggaagctatt tttcttagag tacttgctgt atcccttggc tctgtggtta 
900 

cctaattttt ctaatactat tttttag 
927 

<210> 37 
<211> 308 
<212> PRT 

<213> Synechocystis sp 
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<400> 37 



Met Ala 


Thr 


lie 


Gin 


Ala 


Phe Trp Arg 


Phe. Ser Arg 


Pro 


His 


Thr 


He 


1 






5 




10 






15 




lie Gly 


Thr 


Thr 


Leu 


Ser 


Val Trp Ala 


Val Tyr Leu 


Leu 


Thr 


He 


Leu 




20 






25 






30 






Gly Asp 


Gly 


Asn 


Ser 


Val 


Asn Ser Pro 


Ala Ser Leu 


Asp 


Leu 


Val 


Phe 


35 








40 




45 








Gly Ala 


Trp 


Leu 


Ala 


Cys 


Leu Leu Gly 


Asn Val Tyr 


He 


Val 


Gly 


Leu 


50 










55 


60 










Asn Gin 


Leu 


Trp 


Asp 


Val 


Asp lie Asp 


Arg He Asn 


Lys 


Pro 


Asn 


Leu 


65 








70 




75 








80 


Pro Leu 


Ala 


Asn 


Gly 


Asp 


Phe Ser lie 


Ala Gin Gly 


Arg 


Trp 


He 


Val 








85 






90 






95 




Gly Leu 


Cys 


Gly 


Val 


Ala 


Ser Leu Ala 


He Ala Trp 


Gly 


Leu 


Gly 


Leu 


100 






105 






110 






Trp Leu 


Gly 


Leu 


Thr 


Val 


Gly lie Ser 


Leu He He 


Gly 


Thr 


Ala 


Tyr 




115 








120 




125 








Ser Val 


Pro 


Pro 


Val 


Arg 


Leu Lys. Arg 


Phe Ser Leu 


Leu 


Ala 


Ala 


Leu 


130 








135 


140 










Cys lie 


Leu 


Thr 


Val 


Arg 


Gly lie Val 


Val Asn Leu 


Gly 


Leu 


Phe 


Leu 


145 








150 


155 






160 


Phe Phe 


Arg 


lie 


Gly 


Leu 


Gly Tyr Pro 


Pro Thr Leu 


He 


Thr 


Pro 


lie 






165 




170 






175 




Trp Val 


Leu 


Thr 


Leu 


Phe 


lie Leu Val 


Phe Thr Val 


Ala 


He 


Ala 


He 




180 






185 






190 






Phe Lys 


Asp 


Val 


Pro 


Asp 


Met Glu Gly 


Asp Arg Gin 


Phe 


Lys 


He 


Gin 




195 








200 




205 








Thr Leu 


Thr 


Leu 


Gin 


lie 


Gly Lys Gin 


Asn Val Phe 


Arg 


Gly 


Thr 


Leu 


210 










215 


220 










lie Leu 


Leu 


Thr 


Gly 


Cys 


Tyr Leu Ala 


Met Ala He 


Trp 


Gly 


Leu 


Trp 


225 








230 




235 








240 


Ala Ala 


Met 


Pro 


Leu 


Asn 


Thr Ala Phe 


Leu He Val 


Ser 


His 


Leu 


Cys 








245 






250 






255 


Leu Leu 


Ala 


Leu 


Leu 


Trp 


Trp Arg Ser 


Arg Asp Val 


His 


Leu 


Glu 


Ser 






260 






265 




270 






Lys Thr 


Glu 


lie 


Ala 


Ser 


Phe Tyr Gin 


Phe He Trp 


Lys 


Leu 


Phe 


Phe 




275 








280 




285 








Leu Glu 


Tyr 


Leu 


Leu 


Tyr 


Pro Leu Ala Leu Trp Leu 


Pro 


Asn 


Phe 


Ser 


290 






295 


300 










Asn Thr 


lie 


Phe 



















305 



<210> 38 
<211> 1092 
<212> DNA 

<213> Synechocystis sp 
<400> 38 

atgaaatttc cgccccacag tggttaccat tggcaaggtc aatcaccttt ctttgaaggt 
60 

tggtacgtgc gcctgctttt gccccaatcc ggggaaagtt ttgcttttat gtactccatc 
120 

gaaaatcctg ctagcgatca tcattacggc ggcggtgctg tgcaaatttt agggccggct 
180 

acgaaaaaac aagaaaatca ggaagaccaa cttgtttggc ggacatttcc ctcggtaaaa 
240 

aaattttggg ccagtcctcg ccagtttgcc ctagggcatt ggggaaaatg tagggataac 
300 

aggcaggcga aacccctact ctccgaagaa ttttttgcca cggtcaagga aggttatcaa 
360 

atccatcaaa atcagcacca aggacaaatc attcatggcg atcgccattg tcgttggcag 
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1080 

gtgccattct ga 
1092 

<210> 39 
<211> 363 
<212> PRT 

<213> Synechocystis sp 

2?y - ■« *» « «» Tyr S 1 w Gln Gly G1 " « P " 

i P„e «, «» ^ »Y« V,X M9 £. - - « «U - «. 

20 . ti. clu asn Pro ala Set asp HIS His 

Ser Ph. ala P»e Hat Tyr Sat JJ« Glu Asn 45 

Isr Gly S, «, ax, « «a na « «,« - « - *• «" . 

Glu «. «. -p «u s. v., * - » s « ~ sr 

S. PHa Trp a,. Ser £ «. «» - g- - «» » 1S ^ 
Cys ar, as, asa S. «. «a « - - - - «S "~~ 
1 Ih r V,. & O. TV. g. & "is «U - ■£ - - 

«. na S - «, - 3 - <*• - ~ 5S ~ ~ " 

.„ SS va, * S S Pro asa W J- « - - " $ 
& w M a sax Phe S « « « W - "* " ? T 

J„ ». «, -y s - - a L ° Lys TIP Gln » Glu r 

Tyt „. « a^ P - - " »« «" - fo? W ^ " 

195 2 0 ai a Asn Tvr Phe Pro Asp 

Tm Phe Trp Leu Gin Ala Asn 
Ser Phe Pro Ser Arg Trp ene ^ 220 , T 

HU '.S «» »» « « « ^ G1S ^ G1 " ^ ^ 
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225 








230 










235 










240 


Gly Arg 


Pro 


Glu 


GlU 


Val 


Ala 


Leu 


lie 


Gly 


Leu 


His 


His 


Gin 


Gly 


Asn 
















250 














Phe Tyr 




rne 


Giy 


Pro 


Gly 


His 


Gly 


Thr 


Val 


Thr 


Trp 


Gin 


vai 


Ala 












265 










270 






Pro Trp 


Gly 
275 


Arg 


Trp 


Gin 


Leu 


Lys 
280 


Ala 


Ser 


Asn 


Asp 


Arg 

o o c 

265 


Tyr 


Trp 


Val 


Lys Leu 


Ser 


Gly 


Lys 


Thr 


Asp 


Lys 


Lys 


Gly 


Ser 


Leu 


Val 


HIS 


NIL _ 

Tnr 


Pro 


290 










295 








300 










Thr Ala 


Gin 


Gly 


Leu 


Gin 


Leu 


Asn 


Cys 


Arg 


Asp 


Thr 


Thr 


Arg 


Gly 


Tyr 


305 








310 








315 










320 


Leu Tyr 


Leu 


Gin 


Leu 


Gly 


Ser 


Val 


Gly 


His 


Gly 


Leu 


lie 


Val 


Gin 


Gly 








325 








330 










335 




Glu Thr 


Asp 


Thr 
340 


Ala 


Gly 


Leu 


Glu 


Val 
345 


Gly 


Gly 


Asp 


Trp 


Gly 
350 


Leu 


Thr 


Glu Glu 


Asn 


Leu 


Ser 


Lys 


Lys 


Thr 


Val 


Pro 


Phe 














355 








360 



















<210> 40 
<211> 56 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 40 

cgcgatttaa atggcgcgcc ctgcaggcgg ccgcctgcag ggcgcgccat ttaaat 
56 

<210> 41 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 41 

tcgaggatcc gcggccgcaa gcttcctgca gg 
32 

<210> 42 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 42 

tcgacctgca ggaagcttgc ggccgcggat cc 
32 

<210> 43 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
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<400> 43 

tcgacctgca ggaagcttgc ggccgcggat cc 
32 

<210> 4 4 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 44 

tcgaggatcc gcggccgcaa gcttcctgca gg 
32 

<210> 45 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 45 

tcgaggatcc gcggccgcaa gcttcctgca ggagct 
36 

<210> 46 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 46 

cctgcaggaa gcttgcggcc gcggatcc 
28 

<210> 47 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 47 

tcgacctgca ggaagcttgc ggccgcggat ccagct 
36 

<210> 48 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 



26/44 



WO 02/33060 



PCT/US01/42673 



<400> 48 

ggatccgcgg ccgcaagctt cctgcagg 
28 

<210> 49 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 49 

gatcacctgc aggaagcttg cggccgcgga tccaatgca 
39 

<210> 50 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 50 

ttggatccgc ggccgcaagc ttcctgcagg t 
31 

<210> 51 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 51 

ggatccgcgg ccgcacaatg gagtctctgc tctctagttc t 
41, 

<210> 52 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 52 

ggatcctgca ggtcacttca aaaaaggtaa cagcaagt 
38 

<210> 53 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<40O> 53 
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ggatccgcgg ccgcacaatg gcgttttttg ggctctcccg tgttt 
45 

<210> 54 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 54 

ggatcctgca ggttattgaa aacttcttcc aagtacaact 
40 

<210> 55 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 55 

ggatccgcgg ccgcacaatg tggcgaagat ctgttgtt 
38 

<210> 56 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 56 

ggatcctgca ggtcatggag agtagaagga aggagct 
37 

<210> 57 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 57 

ggatccgcgg ccgcacaatg gtacttgccg aggttccaaa gcfctgcctct 
50 

<210> 58 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 58 

ggatcctgca ggtcacttgt ttctggtgat gactctat 
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38 

<210> 59 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 59 

ggatccgcgg ccgcacaatg acttcgattc tcaacacfc 
38 

<210> 60 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 60 

ggatcctgca ggtcagtgtt gcgatgctaa tgccgt 
36 

<210> 61 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 61 

taatgtgtac attgtcggcc tc 
22 

<210> 62 
<211> 60 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 62 

gcaatgtaac atcagagatt ttgagacaca acgtggcttt ccacaattcc ccgcaccgtc 
60 

<210> 63 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 63 

aggctaataa gcacaaatgg ga 
22 
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<210> 64 
<211> 63 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 64 

ggtatgagtc agcaacacct tcttcacgag gcagacctca gcggaattgg tttaggttat 

60 

ccc 

63 

<210> 65 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seguence: Oligonucleotide 
<400> 65 

ggatccatgg ttgcccaaac cccatc 
26 

<210> 66 
<211> 61 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 66 

gcaatgtaac atcagagatt ttgagacaca acgtggcttt gggtaagcaa caatgaccgg 
60 

c 6 
1 

<210> 67 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 67 

gaattctcaa agccagccca gtaac 
25 

<210> 68 
<211> 63 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
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<400> 68 

ggfcatgagbc agcaacacct tcttcacgag gcagacctca gcgggtgcga aaagggtttt 

60 

ccc 

63 

<21t» 69 

<211> 23 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 

<400> 69 

ccagtggttt aggctgtgtg gtc 
23 

<210> 70 

<211> 21 ■ 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 

<400> 70 

ctgagttgga tgtattggat c 
21 

<210> 71 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 

<400> 71 

ggatccatgg ttacttcgac aaaaatcc 
28 

<210> 72 

<211> 60 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 

<400> 72 

gcaatgtaac atcagagatt ttgagacaca acgtggcttt gctaggcaac cgcttagtac 
60 

<210> 73 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
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<400> 73 

gaattcbtaa cccaacagta aagtfcccc 
28 

<210> 74 
<211> 63 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 74 

ggtatgagtc agcaacacct tcttcacgag gcagacctca gcgccggcat tgtcttttac 

60 

atg 

63 

<210> 75 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 75 

ggaacccttg cagccgcttc 
20 

<210> 76 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 76 

gtatgcccaa ctggtgcaga gg 
22 

<210> 77 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 77 

ggatccatgt ctgacacaca aaataccg 
28 

<210> 78 
<211> 62 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Oligonucleotide 
<400> 78 

gcaatgtaac atcagagatt ttgagacaca acgtggcttt cgccaatacc agccaccaac 

60 

ag 

62 

<210> 79 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 79 

gaattctcaa atccccgcat ggcctag 
27 

<210> 80 
<211> 65 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 80 

ggtatgagtc agcaacacct tcttcacgag gcagacctca gcggcctacg gcttggacgt 
60 

gtggg 
65 

<210> 81 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 81 

cacttggatt cccctgatct g 
21 

<210> 82 

<211> 21 n 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 82 

gcaatacccg cttggaaaac g 
21 

<210> 83 
<211> 29 
<212> DNA 
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<213> Artificial Sequence 

<220> ; 

<223> Description of Artificial Sequence: Oligonucleotide 

<400> 83 ' / 

ggatccatga ccgaatcttc gcccctagc 
29 

<210> 84 
<2U> 61 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 84 

gcaatgtaac atcagagatt ttgagacaca acgtggcttt caatcctagg tagccgaggc 



<210> 85 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> t 

<223> Description of Artificial Sequence: Oligonucleotide 

<400> 85 

gaattcttag cccaggccag cccagcc 
27 

<210> 86 
<211> 66 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 86 

ggtatgagtc agcaacacct tcttcacgag gcagacctca gcggggaatt gatttgttta 
60 

attacc 
66 

<210> 87 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 87 

gcgatcgcca ttatcgcttg g 
21 
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<210> 88 
<2U> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 88 

gcagactggc aattatcagt aacg 
24 

<210> 89 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 89 

ccatggattc gagtaaagtt gtcgc 
25 

<210> 90 
<2U> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide 
<400> 90 

gaattcactt caaaaaaggt aacag 
25 

<210> 91 
<211> 4550 
<212> DNA 

<213> Arabidopsis sp 
<400> 91 

attttacacc aatttgatca cttaactaaa ttaattaaat tagatgatta tcccaccata 
60 

tttttgagca ttaaaccata aaaccatagt tataagtaac tgttttaatc gaatatgact 
120 

cgattaagat taggaaaaat ttataaccgg taattaagaa aacattaacc gtagtaaccg 
180 

taaatgccga ttcctccctt gtctaaaaga cagaaaacat atattttatt ttgccccata 
240 

tgtttcactc tatttaattt caggcacaat acttttggtt ggtaacaaaa ctaaaaagga 
300 

caacacgtga tacttttcct cgtccgtcag tcagattttt tttaaactag aaacaagtgg 
360 

caaatctaca ccacattttt tgcttaatct attaacttgt aagttttaaa ttcctaaaaa 
420 

agtctaacta attcttctaa tataagtaca ttccctaaat ttcccaaaaa gtcaaattaa 
480 

taattttcaa aatctaatct aaatatctaa taattcaaaa tcattaaaaa gacacgcaac 
540 

aatgacacca attaatcatc ctcgacccac acaattctac agttctcatg ctaaaccata 
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bbbbbbgcbc bcbgbbccbb caaaatcatt tchbtctctt cbbbgabbcc caaagabcac 
660 

ttcfcttgtct bbgabbbbbg abbbbbbbbc tctctggcgt gaaggaagaa gctttatttc 
720 

abggagbcbc tgctctctag ttcttctcfct gtfcfcccgcbg gbaaabcbcg bcctbtbcbg 
780 

gbbbcaggbb bbabbbgtbg bbtaggbbbc gtbbbbgbga btcagaacca bacaaaaagb 
840 

thgaactbtb cbgaababaa aabaaggaaa aagtbtcgat ttbtabaatg aabbgtbtac 
900 

bagabcgaag baggbgacaa aggbbabbgb gtggagaagc ataatbbctg ggcbbgacbb 
960 

bgaabbbbgb btcbcabgca bgcaacbbab caabcagcbg gbgggttbbg tbggaagaag 
1020 

cagaabctaa agctccactc ttbabcaggb tcgbbagggt bbbatgggtb bbtgaaatba 
1080 

aabacbcaat cabcbbagbc bcatbabbcb abtggbbgaa bcacabtbbc baabbbgqaa 
1140 • - 

bbbabgagac aabgbabgbt ggacbbagbb gaagbbcttc tcbttggbta bagttgaagt 
1200 

gttacbgabg ttgtbtagcb cbbbacacca atababacac ccaabtbbgc agaaatccga 
1260 

gbtctgcgbb gtgabbcgag baaagbtgbc gcaaaaccga agbtbaggaa caabctbgbb 
1320 

aggcctgabg gtcaaggabc bbcabbgbbg bbgbabccaa aacataagtc gagabbbcgg 
1380 

gbbaabgcca cbgcgggbca gccbgaggcb tbcgacbcga abagcaaaca gaagbcbtbb 
1440 

agagacbcgb tagabgcgtb bbacaggbbt bcbaggccbc abacagtbab bggcacagtb 
1500 

aagtbbcbcb ttaaaaabgt aacbcbtbba aaacgcaabc tbbcagggtb bbcaaggaga 
1560 

baacabbagc tcbgbgattg gabbbgcagg bgcbbagcat bbbatcbgta bctbbcbtag 
1620 

cagbagagaa ggbbtctgat ababcbccbb bacbtbtcac bggcabcttg gaggbaatga 
1680 

atabataaca cataabgacc gabgaagaag abacabttbt bbcgtctcbc tgtbtaaaca 
1740 

abbgggbtbt gtbtbcaggc bgbbgbbgca gcbcbcabga bgaacabbba catagbbggg 
1800 

cbaaabcagb tgbcbgabgb bgaaabagab aaggtaacab gcaaatbtbc bbcatatqaq 
1860 

bbcgagagac tgatgagabb aabagcagcb agbgccbaga bcatctcbab gbgggbtbtb 
1920 

gcaggbbaac aagcccbatc btccabbggc abcaggagaa babbcbgtta acaccggcab 
1980 

bgcaatagba gcbbccbbcb ccabcabggt abggbgccab tbtcacaaaa tbbcaacbbb 
2040 

tagaabbcba baagbbacbg aaabagtbbg bbabaaabcg bbabagagtb bctggctbgg 

gbggabbgbb ggbbcabggc cabbgbtcbg ggcbcbbbbb gbgagbbtca bgctcggbac 

bgcabacbcb abcaabgbaa gbaagbbbcb caabacfcaga abtbggctca aatcaaaabc 
2220 

bgcagbbbcb agbbbbaggb baabgaggbb bbaabaacbb acbbctacba caaacagbbg 
2280 

ccacbbbbac ggbggaaaag abbbgcabbg gbbgcagcaa tgbgbatccb cgcbgbccga 
2340 

gcbabbabbg tbcaaabcgc cbbbbabcba cabatbcagg bacbaaacca bbbbccbbab 
2400 
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gbbbbgbagb tgttttcatc aaaatcactt ttatattact aaagcbgtga aactttgttg 
2460 

cagacacatg tgbtbggaag accaabcbbg bbcacbaggc ctcttatttt cgccacbgcg 
2520 

tttatgagct bttbcbctgb cgttattgca bbgbtbaagg taaacaaaga bggaaaaaga 
2580 

tbaaabctab gbabacbtaa agbaaagcab fccbacbgbba bbgabgagaa gbbbbcbtbb 
2640 

btggttggab gcaggababa ccbgababcg aaggggabaa gatabbcgga atccgatcab 
2700 

bcbctgbaac bctgggfccag aaacgggbac gababcbaaa cbaaagaaab bgtbbbgact 
2760 

caagbgbtgg abtaagatta cagaagaaag aaaacbgbbt btgbbtcbbg caaaabbcag 
2820 

gtgttbbgga cabgbgttac acbacbbcaa atggcbbacg ctgbtgcaab tcbagbbgga 
2880 

gccacatcbc catbcatabg gagcaaagbc atcbcggbaa caatcbbtcb btacccatcg 
2940 

aaaacbcgcb aabbcatcgt ttgagbggba cbggbttcab bttgbbccgt bcbgtbgabb 
3000 

tttbttcagg tbgbgggtca bgbbatacbc gcaacaacbb bgtgggctcg agcbaagtcc 
3060 

gtbgatcbga gbagcaaaac cgaaabaact bcabgttata tgttcabatg gaaggtbaga 
3120 

bbcgbbbaba aatagagbcb ttacbgccbt bbtabgcgct ccaatbbgga abtaaaabag 
3180 

ccbbbcagbb bcabcgaabc accabbabac bgabaaabtc bcabbbcbgc abcagctcbb 
3240 

bbabgcagag tacbbgcbgt taccbttttb gaagbgactg acabbagaag agaagaagab 
3300 

ggagabaaaa gaataagbca tcacbatgcb bcbgtbttba ttacaagtbc atgaaattag 
3360 

gtagbgaacb agbgaabbag agtbbbabbc bgaaacatgg cagacbgcaa aaabatgbca 
3420 

aagatabgaa tbbctgbbgg gbaaagaagt cbcbgcbbgg gcaaaabcbb aaggttcggb 
3480 

gbgbtgabat aabgcbaagc gaagaaabcg atbcbabgba gaaatbbccg aaacbabgbg 
3540 

baaacabgbc agaacatctc cattctabab cbbcbtctgc aagaaagcbc bgttbbbatc 
3600 

accbaaacbc bttabctctg bgbagtbaag ababgbabat gbacgbgacfc acatttbtbb 
3660 

gtbgabgtaa tbbgcagaac gtabggattb btgbbagaaa gcatgagbbc gaaagbabab 
3720 

gtbbababab abggabaatt cagaccbaac gbcgaagcbc acaagcataa attcacbacb 
3780 

abagbtbgcfc cbgbaabaga bagbbccabb gabgbcbbga aactgbacgt aacbgccbgg 
3840 

gcgtbbbgbg gbbgabactg acbacbgagt gbbcbbbgbg agtgbbgtaa gbabacaaga 
3900 

agaagaabab aggcbcacgg gaacgacbgt ggbggaagab gaaatggaga bcabcacgba 
3960 

gcggcbbtgc caaagaccga gbcacgabcg agtcbabgaa gbctbtacag cbgctgabba 
4020 

bgabbgacca bbgcbbagag acgcabtgga abcbbactag ggacbbgccb gggagbbbcb 
4080 

bcaagbacgt gbcagabcat acgabgbagg agabbbcacg gctbbgabgb gbbbgbbbgg 
4140 

agbcacaabg cbbaabgggc bbabbggccc aabaabagcb agcbcbbbbg cbbbagccgb 
4200 

tbcgbbbgbc ccctggbggb gagbabbatb agggbabggb gbgaccaaag bcaccagacc 
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4260 

bagagtgaab ctagtagagt ccbagaccab ggtccatggc bbbbabbbgb aatttgaaaa 
4320 

atgaacaatt ctttttgtaa ggaaaacttt bababagbag acgtttacta babagaaacb 
4380 

agtbgaacta actbcgbgca abtgcabaat aabggtgtga aatagagggb gcaaaactca 
4440 

ataaacabbt cgacgbacca agagbbcgaa acaabaagca aaabagabtb bbttgcbbca 
4500 

gacbaabbbg bacaabgaab ggttaabaaa ccabbgaagc bbttatfcaab 
4550 

<210> 92 
<2ll> 4450 
<212> DNA 

<213> Arabidopsis sp 
<400> 92 

bbbaggbfcac aaaabcaabg atattgcgta tgtcaacbafc aaaagccaaa agbaaagcct 
60 

ctbgbbbgac cagaaggbca bgabcabbgb abacabacag ccaaacbacc bccbggaaga 
120 

aaagacabgg abcccaaaca acaacaabag cbbcbbbbac aagaaccagb agtaacbagb 
180 

cacbaabcta aaagagbbaa gbbtcagctb btcbggcaab ggctccbbga bcatbbcaat 
240 

ccbgaaggag acccacbbbg bagcaagacc abgbccbcbg bbbcactbac agbgtgbcbc 
300 

aaaagbcbac bbcaabbctb catabatagg bbccbcacac bacagcbbca bcctcabbcg 
360 

bbgacagaga gagagbcbtb attgaaaacb bcbbccaagt acaacbccac baaatabaab 
420 

agcaccaaac cacbbgbbcg acacaaatcb gbacagabab aaaaacacta bbaggtbbtc 
480 

caaggcaaab cacabaabbg gabbgbgaaa gagbacaaaa gabaaaccca aabtbbcaba 
540 

cbbbcbacbg cagbcagcac cagabgabaa gbcagcbgbc ccbatbbgcc abccbaacbg 
600 

bccbgabgca gcggccagtg abgcgbaaba bbgccacccb baabcabbag agcgagaaac 
660 

aaaaagaabc aaaagacagb aaabggaabb aggaabcaca aabgagbcct bgbaaagbbb 
720 

abbgagbacc gagabcbgca cbgaabccag aaagbgcaag aaaaccbabg gatgcbgbgc 
780 

caaabccagb baaccaaagc bbbgbabtab caccgaabcb aagggctgbb gacbtaacac 
840 

caacbbbbac abcabcbbcb bbgtccbgga gacacaabab abbagacabt agbccabgga 
900 

aaaaaaabga bbbaaccbag aababcbcaa aatbacbbgc abaaaaacbg aacbbgagcb 
960 

gaaabbbbgg gbbcgtagcb bgbggcatab acbabbbcab bbbcaabggg ccacaaaggb 
1020 

aacbbbcbbb tcbcacbbcb gbbgcaaacg ggaagacbtb babggggcba acbcbbcacb 
1080 

baaagbabag aaabcagabg gaaaaggbgg gagabcaggg baabbbbcbb cbbbabgabb 
1140 

gacaaaagbc gaacabcgaa abggabgcab bbgcabgaga cabgaaacaa aagcbgaaaa 
1200 

agaaabcbgb ggbggbgaag cbagaaaaag aaaacaaagc aagcaababg cacacabbga 
1260 

gabbaacbac bbbgcbacbg gbcabaatca aabagabbbb gaagcbaaaa aabaaaaagb 
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gaatataccfc gatgtgcata aabagbabca fcaaacaaggg tccagcagac tccggagaga 
1360 

tagagaggga gtacaataga tggtgctatg cbbccbbbaa ctgcagtcca tcctaacaat 
1440 

gcbccccagb ttatggtcaa acctaaaaag gcbbgaggcb gcaabbataa aaacgaatca 
1500 

atcataagaa aabcagaaaa tatataatgt ctaactttga gaagccagaa bagabbbaaa 
1560 

btacccaaaa bgtaaaccbc bbcabaagtg ggbaggaaaa gacaagbaac aaagabgaag 
1620 

cccctaaaac acggctgcag aatabacata cbgaaatgag cbcaagbaga aaagaatbbg 
1680 

abcacaaaac taaagacaag accbgagaac atabctbcag aabtbgggcc aactacataa 
1740 

gggtgaacca babgbgtabg tgaabbtbta aacaaacact tgcaaabacg cgactttagg 
1800 

gcaagbaaaa aatccaaaca aaccfcgtaat tgtbaagttg gagaagaatc cctaagccta 
1860 

aaagcaactg cagcccgaga aabccaabcc cbbgaaabgg bgbcaaaaga ccactggcga 
1920 

taggtcttag bbttgbacga tcaacctgga bataaaagaa abbtgtaaga caacataatc 
1980 

taaaacaaaa caaccataca aaatcttgag cbtbacabac aagcaaccca bcbttgttta 
2040 

tggaagaatg aabccagtba catgaatgct gbgtabcbac ccbaactact aaacacatat 
2100 

tbcaabcgaa aaacababtc cacctbcacc abatctaaca ccbgaagtct ttcacttttt 
2160 

gaacgaagtc abcagaacab gcagabaagc battacccaa aacagagaba tgacbggaaa 
2220 

tgtbgbcgba aabtgabcca acabagaaaa abcaagacca gbbccagatg tcaaagcaat 
2280 

aacacbbtcc caccabggbt acagaaacca tagttacaca aaacabgttt ccbaaaccaa 
2340 

catacbaaag ggatatabaa atbbgacatc actbbatcac cabaccataa gatagcttaa 
2400 

aaacaaacbg acctbtgtat ctatgbcctg abcaagcaga bcatbbatag tacaaccagc 
24.60 

accbcbaaga agbaabgcbc cgcaaccaaa baaagccata tabbtaaaac ttggaaggct 
2520 

bccaggatca gcagccaacg caabcgaccb abacaacaat gabggagatt cagagtatcg 
2580 

abcbabbtac abagcbctgg aacbagatcc abgacgaaac abggaacatc gttataatat 
2640 

cbaaagactb ccaaacagat bccbgagbaa gaaacccagt ggaactatag bactgtaaca 
2700 

tababaaaat caaagaaaac bcaggbtbab agcatbabcc aabccbgatt tctgccaabc 
2760 

cbbaaccacb ctcccabgct atcaaaaacc bcagctcaag abcatactac cbaafctgcct 
2820 

abgagcbctb gggaagabca tbabggattb gataacbgaa aaaagtaaca gagaaatagc 
2880 

agacbgcaag aacbacbcca aacbbcbcca cbgababgba bgbagtcbaa caabaabaaa 
2940 

cagacabaaa bbcbbbbabc aagcbbcaag agcaagbbag bcagaaaaca tcacagccaa 
3000 

accaaccagg aaaacacaba actbtabcac abaaaacbaa abbbaabgta abcbgactba 
3060 

acabaaacca bcctbbggga cgaaaggaaa cbababaaac abgcagtcbt fccbttccctc 
3120 
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agctattctfc tcggatggat tataatgaat cbcaaaagbg aaatgtcttg abbcbcagcb 
3180 

acattactca aaggcgaaga taaacfctacc acatacaagg ccacgcaagc aaccaagttc 
3240 

caabgggbbb atccaatcga gcaagcttag cabaaccbcb aacttcttct ggtaaataca 
3300 

aabcbabcca agaagcttcc ttaacaacaa caccatcact cbbcbccbba bcabcbtbcb 
3360 

fccggcbbbcc ctccaaaacc gaagaagacg acgacabbcc acaaabbaab cbgbaabbcc 
3420 

aaccaacacc aaaaaacbbc tcctgatgca attctcttcc fcttacbccat acbbggbaab 
3480 

tabcabfccca bgaaggabaa cacbbagbga aaggabtbgb gbaabgggta gbcacaggab 
3540 

fcggacaagga bttabgfcbgb gattgcaaaa gagcagagga agaagabgga gttacggaga 
3600 

cggaagabbb caacaaccgb ctbgaaacac gggagagccc aaaaaacgcc abcttbgaga 
3660 

gaaatbgbbg ccbggaagaa acaaagactt gagatbtcaa acgtaagtga abtcttacga 
3720 

acgaaagcta acbbcbcaag agaabcagab bagbgabbcc bcaaaaacaa acaaaactat 
3780 

cbaabbbcag tbbcgagbga bgaagcctta agaatcbaga accbccabgg cgbbtcbaab 
3840 

cbctcagaga baabcgaatb. ccbtaaacaa bcaaagcbta gaaagagaag aacaacaaca 
3900 

acaacaaaaa aaabcagatt aacaaccgac cagagagcaa cgacgacgcc ggcgagaaag 
3960 

agcacgbcgb cbcggagcaa gacbtcbtcb ccagbaaccc ggatggabcg tbaabgggcc 
4020 

bgbagabbab bababbtggg ccgaaacaab bgggbcagca aaaacttggg ggabaatgaa 
4080 

gaaacacgba cagtabgcat tbaggcbcca aabbaabbgg ccababaabb cgaatcagab 
4140 

aaacbaabca acccctaccb bacbtabbtc bcacbgbtbb babttctacc bbagtagtbg 
4200 

aagaaacacb bbbatbtabc bbbbcgggac ccaaabbbga baggatcggg ccabbactca 
4260 

bgagcgbcag acacabatta gccbbatcag abtagbgggg taaggbbbbb bbaabtcggb 
4320 • • - • 

aagaagcaac aabcaabgtc ggagaaabba aagaatcbgc abgggcgbgg cgbgatgaba 

4380 

bgbgcabatg gagtcagtbg ccgatcabab abaacbabbt abaaactaca bataaagacb 
4440 

acbaatagab 
44 50 

<210> 93 
<211> 2850 
<212> DNA 

<213> Arabidopsis sp 
<400> 93 

aabtaaaabb bgagcggbcb aaaccabbag accgbtbaga gabccctcca acccaaaaba 

60 s . ■■ 

gbcgabbbtc acgbcbbgaa cabababbgg gccbbaabcb. gbgbggbbag baaagacbbb 

120 

batbggbcaa agaaaaacaa ccabggccca acabgtbgab actbbbabbb aabbatacaa 
180 

gbaccccbga abbcbcbgaa abatatbbga bbgacccaga fcattaabbbb aabtabcabb 
240 
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tcctgtaaaa gbgaaggagb caccgtgact cgbcgbaabc bgaaaccaab cbgbbcatat 
|atgaagaag tttcbctcgt bctcctccaa cgcgtagaaa a ttct gacgg cttaacgatg 
tggcgaagat ctg tt g ttta tcgtbbctct tcaagaatcb c tgtttcttc ttcgttacca 
aacccbagac tgabbccbbg gfccccgcgaa bbabgbgccg bbaabagcbb ctcccagccb 
ccggfcctcga cggaabcaac bgcbaagbba gggabcactg gbgbbagabc bgabgceaab 
cgagttfcttg ccacbgcbac tgccgccgct acagctacag ctaccaccgg bgagabbtcg 
tctagagttg cggctttggc tggattaggg catcactacg cbcgttgtba btgggagcbb 
tctaaagcba aacbbaggta tgtgtttact btbcbbbbcb catgaaaaab cbgaaaattb 
ccaabtgttg gattcbbaaa bbctcabbbg bbbbabggtb gtagbabgcb tgbggttgca ' 
acttcbggaa c t ggg tatat tctgggtacg ggaaatgctg caattagctt cccggggcfct 
tgttacacat gt g caggaac catgatgatt gctgcatctg ctaattcctt gaatcaggtc 
attgaaatgb bgagaagttc ataaabttcg aatcctbgtt gtgtttatgt agttgatcbt 
gcbtgcttat gtttatgtag ttgaaaagtt taaaaatttc taatccttgg bagttgatct 
cgcttgbtbg btttttcatt ttctagabtt ttgagataag caatgatbct aagatgaaaa 
gaacgatgct aaggccatbg ccttcaggac gtattagtgt tccacacgct gttgcatggg 
cbactabtgc bggtgctbcb ggtgcttgtt tgttggccag caaggtgaat gbttgbbttt 
ttatatgtga tttctttgtt ttatgaatgg gtgattgaga gattatggat ctaaactbtt 
gcttccacga caagg ttatt gcagactaat atgttggctg ctggacttgc atctgccaafc 
cttgtacttt atgcgtttgt ttatactccg ttgaagcaac ttcaccctat caatacatgg 
gtbggcgctg ttgttggtgc tatcccaccc tbgcbtgggt aaatbtttgt tccbbttctb 
cbbbatttba gcagatbcbg btttgttgga bacbgcbbtt aatbcaaaab gtagtcatgg 
tbcaccaatt ctatgcttat ctattttgtg bgttgtcagg tgggcggcag cgtcbggtca 
gattbcatac aatbcgatga btcbtccagc tgctcttbac btttggcaga tacctcattt 
ba 6 tg g ccctt gcapatctct gccgcaabga btatgcagcb ggagggtaag accababggt 
gtcabatgag atbagaabgb cbccbbccat gbagbgttga bctbgaacta gttcaabbbc 
gtggaabgab cagagtgbcc bagafcagtgt cacagcagbc gacatbbbag bggctagata 
abgagtbctt bccgtbagag abaaacatbc gcgaacatbg ttbccagctt ccgcgaccca 
acbtctgatt btgtttcttg gtacctbgtt fcbcagttaca agabgbtgtc actcttbgat 
ccgtcaggga agagaabagc agcagtggct ctaaggaacb gcbfcbbacab gabcccbcbc 
ggbtbcabcg ccbatgacbg bgagtcbtgb agabbcabct bbbtbbbgba- gbttabbgac 
tgcabtgcbg tabctgabtb tbgcbgttcc btccaattbt bgtgacagoo gggbtaacct 
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caag ttggtt tbgccbcgaa tcaacacttc tcacactagc aabcgcbgca acagcabtbb 
cattctaccg agaccggacc abgcataaag caaggaaaat gbbccabgcc agtcttctct 
tccktcctgt btbcabgtcb ggtcbtcbtc bacaccgtgt cbcbaabgab aatcagcaac 
aactcgtaga agaagccgga bbaacaaabb cbgbabcbgg tgaagtcaaa acbcagaggc 
gaaagaaacg tgtggctcaa ccbccggbgg cbbabgccbc bgcbgcaccg tbbccbbtcc 
tcccagctcc tbccbbctac tctccatgab aacctttaag caagcbatbg aabttttgga 
aacagaaatt aaaaaaaaaa bcbgaaaagb tcttaagtht aatctttggt taataatgaa 
gtggagaacg cabacaagbb tat g ta tttt tbcbcabcbc cacataattg tatbbtbbcb 
cbaagtatgt ttcaaatgab acaaaataca bacbtbabca abbabctgab caaabbgatg 
aabbbtbgag ctbbgacgbg btaggtcbat cbaataaacg bagbaacgaa tbbggbbbtg 
|«a tg aaab ccgabaaccg abgabggbgt agagbbaaac gabtaaaccg ggtbggbtaa 
aggbcbcgag bcbcgacggc tgcggaaabc ggaaaabcac gabbgaggac btbgagcbgc 
2850 aa9at9 9C9at 9 a 99t bgaaatcaab 

<210> 94 
<211> 3660 
<212> DNA 

<213> Arabidopsis sp 
<400> 94 

tabttgtabb tbtatbgtta aabtttatga tttcacccgg tabatatcab cccatattaa 
tabbagabtb atbbtttggg cbbbatbbgg gbbtbcgatb baaactgggc ccattcbgct 
bcaabgaaac ccbaabgggt bbbgtttggg cbbbggatbb aaaccgggcc. cabbcbgcbb 
caatgaaggt ccttbgtcca acaaaactaa catccgacac aactagtatt gccaagagga 
tcgbgccaca bggcagttab bgaatcaaag gccgccaaaa cbgbaacgta gacabtacbt 
abcbccggta acggacaacc actcgtbfccc cgaaacagca actcacagac tcacaccact 
ccagtctccg gctbaacbac caccagagac gatbcbctct tccgtcggtt ctatgactbc 
gattctcaac actgbctcca ccabccactc bbccagagbt accbccgtcg atcgagbcgg 
agbccbcbcb cbtcggaabb cggatbccgt tgagtbcact cgccggcgbt cbggtbbcbc 
gacgbbgabc bacgaabcac ccggbagbta gcabbcbgtb ggabagabbg abgaabgbbb 
tctbcgatbb tttbbbbact gabcttgttg bgg atctctc gtagggcgga gatttgfctgt 
gcgbgcggcg gagacbgaba cbgabaaagg babgabbbbb bagbbgbbbb tatbbbcbcb 
cbcbbcaaaa ttctcbbbbc aaacacbgbg gcgtbtgaab bbccgacggc agtbaaabcb 
cagacaccbg acaaggcacc agccggbggb tcaagcabba accagcbtcb cggbabcaaa 
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jgagcatctc aagaaactgt aattttgttc atctcctcag aatcttttaa attatcatat 
ttgtggataa tgatgtgtta gtttaggaat tttcctacta aaggtaatct ctttfcgagga 
caagfccttgt httbagctta gaaatgatgt gaaaatgttg tttgttagct aaaaagagtt 
tgttgttata ttctgtattc agaataaatg gaagattcgt cttcagctta caaaaccagt 
cacttggcct ccactggttt ggggagtcgt ctgtggtgct gctgcttcag gtaatcatac 
gaacctcttt tggatcatgc aatactgtac agaaagtttt ttcattttcc ttccaattgt 
ttcttctggc agggaacttt cattggaccc cagaggatgt tgctaagtcg attctttgca 
tgatgatgtc tggtccttgt cttactggct atacacaggt ctggttttac acaacaaaaa 
gctgacttgt tcttattcta gtgcatttgc ttggtgctac aataacctag acttgtcgat 
ttccagacaa tcaacgactg gtatgataga gatatcgacg caattaatga gccatatcgt 
ccaattccat ctggagcaat atcagagcca gaggtaactg agacagaaca ttgtgagctt 
ttatctcttt tgtgattctg atttctcctt actccttaaa atgcaggtta ttacacaagt 
ctgggtgcta ttattgggag gtcttggtat tgctggaata ttagatgtgt gggtaagttg 
gcccttctga cattaactag tacagttaaa gggcacatca gatttgctaa aatcttccct 
tatcaggcag ggcataccac tcccactgtc ttctatcttg ctttgggagg atcattgcta 
tcttatatat actctgctcc acctcttaag gtaagtttta ttcctaactt ccactctcta 
gtgataagac actccatcca agttttggag ttttgaatat cgatatctga actgatctca 
ttgcagctaa aacaaaatgg atgggttgga aattttgcac ttggagcaag ctatattagt 
ttgccatggt aagatatctc gtgtatcaat aatatatggc gttgttctca tctcattgat 
ttgtttcttg ctcacttgac tgataggtgg gctggccaag cattgtttgg cactcttacg 
ccagatgttg ttgttctaac actcttgtac agcatagctg gggtactctt ttggcaaacc 
ttttatgttg cttttttcgt tatctgttgt aatatgctct tgcttcatgt tgtacctttg 
tgataatgca gttaggaafca gccattgtta acgacttcaa aagtgttgaa ggagatagag 
cattaggact tcagtctctc ccagtagctt ttggcaccga aactgcaaaa tggatatgcg 
ttggtgctat agacattact cagctttctg ttgccggtat gtacfcatcca ctgtttttgt 
gcagctgtgg cttctatttc ttttccttga tcttatcaac tggatattca ccaatggtaa 
agcacaaatt aatgaagctg aatcaacaaa ggcaaaacat aaaagtacat tctaatgaaa 
tgagctaatg aagaggaggc atctactttt atgtttcatt agtgtgattg atggattttc 
atttcatgct tctaaaacaa gtattttcaa cagtgtcatg aaataacaga acttatatct 
tcatttgtac ttttactagt ggatgagtta cacaatcatt gttatagaac caaatcaaag 
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gtagagatca tcattagtat atgtctattt tggttgcagg atatctatta gcatctggga 
aaccttatta tgcgttggcg tbggttgctt tgatcattcc tcagattgtg ttccaggtaa 
agacgbtaac agtctcacat tataattaat caaattcttg tcactcgtct gattgctaca 
ctcgcttcta taaactgcag tttaaatact ttcfccaagga ccctgtcaaa tacgacgtca 
agtaccaggt aagtcaactt agtacacatg tttgtgttct tttgaaatat ctttgagagg 
tctcttaatc agaagttgct tgaaacactc atcttgatta caggcaagcg cgcagccatt 
cttggtgctc ggaatatttg taacggcatt agcatcgcaa cactgaaaaa ggcgtatttt 
gatggggttt tgtcgaaagc agaggtgttg acacatcaaa tgtgggcaag tgatggcatc 
aactagttta aaagattttg taaaatgtat gtaccgttat tactagaaac aactcctgtt 
gtatcaattt agcaaaacgg ctgagaaatt gtaattgatg ttaccgtatt tgcgctccat 
ttttgcattt cctgctcata tcgaggattg gggtttatgt tagttctgtc acttctctgc 
tttcagaatg tttttgtttt ctgtagtgga ttttaactat tttcatcact ttttgtattg 
attctaaaca tgtatccaca taaaaacagt aatatacaaa aatgatactt cctcaaactt 
tttataatct aaatctaaca actagctagt aacccaacta acttcataca attaatttga 
gaaactacaa agactagact atacatatgt tatttaacaa cttgaaactg tgttattact 
acctgatttt tttctattct acagccattt gatatgctgc aatcttaaca tatcaagtct 
cacgttgttg gacacaacat actatcacaa gtaagacacg aagtaaaacc aaccggcaac 
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